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PART I

BIOVENTING PILOT TEST WORK PLAN FOR
SITES 27, 28, AND 44
NELLIS AFB, NEVADA

1.0 INTRODUCTION

This work plan presents the scope of multiphase bioventing pilot tests for in situ
treatment of fuel-contaminated soils at Sites 27, 28, and 44 at Nellis Air Force Base
(AFB), Nevada. The pilot tests will be performed by Engineering-Science, Inc. (ES). The
three primary objectives of the proposed pilot tests are: 1) to assess the potential for
supplying oxygen throughout the contaminated soil interval, 2) to determine the rate at
which indigenous microorganisms will degrade fuel when supplied with oxygen-rich soil
gas, and 3) to evaluate the potential for sustaining these rates of biodegradation until fuel
contamination is remediated to concentrations below regulatory standards.

The pilot tests will be conducted in two phases. A vent well (VW) and vapor
monitoring points (MPs) will be installed during site investigation activities. The initial
test phase at each site will also include an in situ respiration test, an air permeability test,
and installation of a blower system for air injection. This initial testing is expected to take
approximately 3 weeks. If the initial phase is successful, the second phase will begin
immediately. During the second phase, the bioventing systems will be operated and
monitored over a 1-year period.

If bioventing proves to be an effective means of remediating soil contamination at these
sites, pilot test data may be used to design full-scale remediation systems and to estimate the
time required for site cleanup. An added benefit of the pilot testing at the sites is that a
significant amount of the fuel contamination should be biodegraded during the 1-year pilot
test, as the testing will take place within the most contaminated soils at the sites. Additional
background information on the development and recent success of the bioventing technology
is found in the document entitled Test Plan and Technical Protocol for a Field Treatability
Test for Bioventing (Hinchee et al., 1992). This protocol document will serve as the primary
reference for pilot test well designs and the detailed procedures to be used during the test.

022/722408/14.ww6




2.0 SITE DESCRIPTIONS
2.1 Site 27
2.1.1 Site History and Location

Site 27 is located at Facility 1014 northwest of Las Vegas Boulevard (Figure 2.1). The
pilot test area is just to the southwest of the boundary fence for the fuel yard (Figure 2.2).
Site 27 is the location of a reported leak from a waste petroleum, oils, and lubricants
(POL) tank. Four 20,000-gallon underground storage tanks (USTs) were located at the
facility. The tanks, installed in 1942 and removed in 1989, were used to store heating oil
until 1974, when they were converted to store waste POL. The leak, reported in 1981,
was discovered in the southernmost UST. At that time it was estimated that the tank was
releasing approximately 50 gallons of waste POL and solvents per month. It is not known
how long the leak existed prior to its discovery. The tanks stopped receiving POL
immediately upon discovery of the leak. The site was officially closed in April 1988, and
the tanks were removed in June 1989. Soil samples taken during the excavation of the
tanks had concentrations of total recoverable petroleum hydrocarbons (TRPH) of up to
14,000 milligrams per kilogram (mg/kg).

Since removal of the tanks, two additional potential sources of contamination have been
discovered. During leak testing at the base, Tracer Research Corporation (TRC) injected a
halon tracer into a pipeline that connects aboveground storage tanks (ASTs) located in the
fuel yard just to the northeast of the pilot test site. Two leaks were discovered, one in an
aboveground valve "Christmas tree" and another in the bottom of AST number 1054. The
leaks were repaired in the spring and summer of 1992, respectively. Both the tree and the
tank are still active. The leaks appear to be the primary source of a free-phase petroleum
product plume beneath Site 27 (Radian Corporation, 1993a).

2.1.2 Site Geology

Because the bioventing technology is applied to the unsaturated soils, this section
primarily addresses soils above the shallow aquifer. Nellis AFB is located in an area
predominated by valley fill alluvium to depths of several thousand feet. The alluvium
typically consists of silt, clay, fine sand, and some lenses of pebble conglomerate. Near-
surface lithology at Site 27 consists of fine-grained sediments, with sands and clays being
most common. Lenses of caliche are common throughout the entire soil profile.

The inferred potentiometric gradient suggests that groundwater flow direction is to the
east on the northern portion of the site and gradually shifts to the southeast on the southern
portion of the site. Groundwater occurs at depths ranging from 70 to 86 feet below ground
surface (bgs). On the basis of groundwater level monitoring results from several sampling
events, flow direction and gradient fluctuate slightly throughout the year (Radian
Corporation, 1993a).

2.1.3 Site Contaminants

Since the removal of the USTs, extensive groundwater and soil sampling has been
performed at the site by several consultants. A total of 45 groundwater monitoring wells
have been installed in and around Site 27. Free product thickness of up to 8 feet was
evident in 12 of the wells during sampling performed in December 1992 (Radian

I-2
022/722408/14.ww6




ﬁ‘ — ‘ , — . ¥ 01 0 €6/08/ 1L ErEiNAED

opBJIOIOD ‘Jenueq avaua . _ ) . 1
*INI'SINIIS-ONIHIINIONT ! - | s B C 3 |T|-NRL a3l
= |H
VaVA3N ‘gdv SITIEN Mlm_:mz . o = =
Isva IHLOL \a 4 m../ .......
NOILLYT3H NI SNOLLYOO'] Vauv a3 sE."Ecuz_z:

v ANV ‘82 ‘22 SALIS | c°z< WW—: z:m _.-a.l-

1’z 3HNOH : e — 0b/
4Sv4 32404 HIV(SIT13N

(o))
N0 H34in0

Ll e}

%
16 86
(% 7
& é\\ «««s
o1l : i
) == = : \ " g _ ) N
N L ... a _ 2 SEAYSS
; . ) L. NOMYTTR =] T 20 S, P o
— o Gommm o Sa— Y
0¥ 10430 . L2 8Ns W G
‘ \ . \.,om T B0 06033V 1S /o/..% \_sw
T A& 5=
oy . \N 3
N3 -
L3 T 39404 UV ST
I | A nEeme =2
\. \/&W = —
0 " GEmm ¢ Gm— ¢ dnes @ Sae— . snomn-z
_ﬂ.l > %MSSW. Bx
44D N =
228
Cwn va
o=
\ a A

GEE NN TN 3N N D N A BB O R A E R O B B e e
|




EW-03

MW-24

O MW-63

e PRODUCT RECOVERY WELL
CHAINLINK FENCE
® MONITORING WELL

NELLIS AFB
FUEL STORAGE

MW-28,28C @@

0 15 30 60 120
e ——
FEET
FIGURE 2.2

SITE LAYOUT
SITE 27

NELLIS AFB, NEVADA

ENGINEERING-SCIENCE,INC.

Denver, Colorado

DN1319, 11/23/93 at 10:52




Yy Ul Y 20/5 6/ b BLEENUZO

o0pBIOIOD 'J0Aus(

"INI"IINIIS-ONIHTIANIONS
VAGVA3N ‘8d4v SIT3N

onwog W0s O g-g;
T13M ONRIOLINON ¥ILVMANNOY¥D €

I-6

YL-MN
8¢ 3lIS TI3N A¥3A003Y LONCOHd @ -
LNOAVT 3LIS %
UN3I31
€T 3UN9I4
1334
e = e ™
08 o 0z Ol O \’
"GA18 qVY39ZLI4
h LOL—MN
v/
=
Ja= i . s s
[ ] _ LM | WT@:
. OR il g
(- i
B ¥6
O [ED|aw Y
== N
8C-M3 X —
@ o (& O P
st (51 5) NN
.0 L
CEI'D gy
=) i

13341S ANOD3S




nondetect levels to 11,000 pg/L at well MW-79, located on the apron to the east of the site
(Radian Corporation, 1993b).

Soil headspace field screening and soil data collected during the installation of a
monitoring well and two borings immediately to the north of the pilot test area suggest that
contamination starts approximately 15 feet bgs and extends to the groundwater surface at
approximately 50 feet bgs. Analytical soil samples contained TRPH concentrations of up
to 24,000 mg/kg (Radian Corporation, 1993c). ‘

2.3 Site 44
2.3.1 Site History and Location

Site 44 is the site of a petroleum hydrocarbon leak southwest of the aerospace ground
equipment (AGE) shop. The AGE shop, Building 270, is located along the flight line off
Tyndall Drive (Figures 2.1 and 2.4). A site investigation performed in October 1991
identified a plume of petroleum contamination extending southwest of Building 270. Three
USTs were removed from a service island at the AGE shop in 1989 (Figure 2.4). At the
time of the tank removal, a soil investigation was performed. Soil borings advanced to
depths of 40 to 50 feet bgs in the vicinity of the tanks had elevated levels of TRPH (ES,
1993).

2.3.2 Site Geology

The geology of Site 44 is similar to that of Site 27 (Section 2.1.2), with slightly more
sand in the sediment than Site 27. The inferred potentiometric gradient suggests that
groundwater flow direction is to the east on the northwestern portion of the site and
gradually shifts to the southeast on the southern and eastern portion of the site.
Groundwater occurs at depths ranging from 32 to 35 feet below ground surface (bgs). On
the basis of groundwater level monitoring results from several sampling events, flow
direction and gradient fluctuate slightly throughout the year (ES, 1993).

2.3.3 Site Contaminants

Since the discovery of contamination at Site 44, extensive groundwater and soil
monitoring has been performed at the site by a consultant. A total of 19 groundwater
monitoring wells have been installed in and around Site 44. Free product has been
observed in well MW-5 during recent sampling events. Sampling results from the site
indicate that BTEX compounds are the primary contaminants at the site. BTEX
concentrations in soil ranged from nondetect levels to 205 mg/kg at monitoring well MW-
5. TRPH concentrations in samples taken from the borings ranged from 10 mg/kg to
5,400 mg/kg at MW-5. The majority of the contamination at MW-5 was found
immediately below the former location of the AGE USTs at approximately 22 feet bgs (ES,
1992a and 1993).

3.0 PILOT TEST ACTIVITIES -

The purpose of this section is to describe the pilot test activities to take place at Sites 27,
28, and 44. The proposed locations and construction details for the central VWs and vapor
MPs are discussed. Criteria for locating a suitable background well position are outlined.
Soil and soil gas sampling procedures and the blower configuration that will be used to

-7
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inject air (oxygen) into contaminated soils are also discussed in this section. Finally, a brief
description of the pilot test procedures is provided.

The bioventing technology is intended to remediate contamination only in the unsaturated
zone. Therefore, pilot test activities will be confined mainly to unsaturated soils. The central
VWs may be completed below the anticipated groundwater level. This is to provide oxygen
to the deepest levels of the unsaturated zone in the event of natural groundwater table
fluctuation and/or water table drawdown during future free product removal. No dewatering
will take place during the pilot tests.

Existing monitoring wells will not be used as primary air injection wells. However,
monitoring wells that have a portion of their screened interval above the water table may
be used as vapor MPs or to measure the composition of background soil gas.

3.1 Bioventing Test Design for Site 27

A general description of criteria for siting a central VW and vapor MPs is included in
the protocol document (Hinchee et al., 1992). Figure 3.1 illustrates the proposed locations
of the central VW and MPs at Site 27. The final locations of these wells may vary slightly
from the proposed locations if significant fuel contamination is not observed in the boring
for the central VW. Soils in this area are expected to be contaminated with petroleum
hydrocarbons and to be oxygen depleted (<2%). Biological activity should be stimulated
by oxygen-rich soil gas ventilation during pilot test operations.

Due to the relatively deep contamination at this site and the potential for highly
permeable soils, the potential radius of venting influence around the central VW is
expected to be 40 to 50 feet. Three vapor MPs (MPA, MPB, and MPC) will be located
within a 50-foot radius of the central VW.

The VW will be constructed of 4-inch-diameter Schedule 40 polyvinyl chloride (PVC)
casing, with a 30-foot interval of 0.04-inch slotted screen set at 40 to 70 feet bgs. Flush-
threaded PVC casing and screen with no organic solvents or glues will be used. The filter
pack will be clean, well-rounded silica sand with a 6-9 grain size and will be placed in the
annular space to 1 foot above the screened interval. A 35-foot layer of bentonite will be
placed directly over the filter pack. The first 12 inches of bentonite will consist of
bentonite pellets hydrated in place in 6-inch lifts with potable water. This layer of pellets
will prevent the addition of bentonite slurry from saturating the filter pack. The remaining
34 feet of bentonite will be fully hydrated and mixed aboveground, and the slurry will be
tremmied into the annular space to produce an air-tight seal above the screened interval.
The borehole will then be completed to the ground surface with a bentonite/cement grout.
A complete seal is critical to prevent injected air from short-circuiting to the surface during
the bioventing test. Figure 3.2 illustrates the proposed central VW construction detail for
this site.

A typical multidepth vapor MP installation for this site is shown in Figure 3.3. Soil gas
oxygen and carbon dioxide concentrations will be monitored at depths of 40, 55, and 65
feet bgs at each location. Multidepth monitoring will confirm that the entire soil profile is
receiving oxygen and will be used to measure fuel biodegradation rates at three depths.
The annular spaces between the three screened MP intervals will be sealed with bentonite
to isolate the monitoring intervals. As with the central VW, several inches of bentonite

I-9
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pellets will be used to shield the filter pack from rapid infiltration of bentonite slurry
additions. Thermocouples will be installed at the shallowest and deepest depths at MPA to
measure soil temperature. Additional details on VW and MP construction are presented in
Section 4 of the protocol document (Hinchee et al., 1992).

3.2 Bioventing Test Design for Site 28

Figure 3.4 illustrates the proposed locations of the central VW and MPs at Site 28. The
final location of these wells may vary slightly from the proposed location if significant fuel
contamination is not observed in the boring for the central VW. Soils in this area are
expected to be contaminated with petroleum hydrocarbons and to be oxygen depleted
(<2%). Biological activity should be stimulated by oxygen-rich soil gas ventilation during
pilot test operations.

Due to the relatively deep contamination at this site and the potential for highly
permeable soils, the potential radius of venting influence around the central VW is
expected to be 50 to 60 feet. Three vapor MPs (MPA, MPB, and MPC) will be located
within a 60-foot radius of the central VW.

The VW will be constructed of 4-inch-diameter Schedule 40 PVC, with a 35-foot
interval of 0.04-inch slotted screen set at 15 to 50 feet bgs. Flush-threaded PVC casing
and screen with no organic solvents or glues will be used. The filter pack will be clean,
well-rounded silica sand with a 6-9 grain size and will be placed in the annular space to 1
foot above the screened interval. A 12-foot layer of bentonite will be placed directly over
the filter pack. The first 12 inches of bentonite will consist of bentonite pellets hydrated in
place in 6-inch lifts with potable water. This layer of pellets will prevent the rapid addition
of bentonite slurry from saturating the upper portion of the filter pack. The remaining 11
feet of bentonite will be fully hydrated and mixed aboveground, and then tremmied into the
annular space to produce an air-tight seal above the screened interval that will prevent
injected air from short-circuiting to the surface during the bioventing test. The well will be
completed to the ground surface with a bentonite/cement grout. Figure 3.5 illustrates the
proposed central VW construction for this site.

A typical multidepth vapor MP installation design for this site is shown in Figure 3.6.
Soil gas oxygen and carbon dioxide concentrations will be monitored at depths of 20, 32,
and 45 feet bgs at each location. Multidepth monitoring will confirm that the entire soil
profile is receiving oxygen, and will be used to measure fuel biodegradation rates at each
depth. The annular spaces between the three monitoring intervals in each MP will be
sealed with bentonite to isolate the intervals. As in the central VW, several inches of
bentonite pellets will be used to shield the filter pack from rapid infiltration of bentonite
slurry additions. Thermocouples will be installed at the shallowest and deepest depths at
MPA to measure soil temperature. Additional details on VW and MP construction are
provided in Section 4 of the protocol document (Hinchee et al., 1992).

3.3 Bioventing Test Design for Site 44

Figure 3.7 illustrates the proposed locations of the central VW and MPs at Site 44. The
final location of these wells may vary slightly from the proposed location if significant fuel
contamination is not observed in the boring for the central VW. Soils in this area are
expected to be contaminated with petroleum hydrocarbons and to be oxygen depleted

I-13
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(<2%). Biological activity should be stimulated by oxygen-rich soil gas ventilation during
pilot test operations.

Due to the shallower depth of contamination at this site and the potential for highly
permeable soils, the potential radius of venting influence around the central VW is expected to
be 25 to 35 feet. Three vapor MPs (MPA, MPB, and MPC) will be located within a 35-foot
radius of the central VW.

The VW will be constructed of 4-inch-diameter Schedule 40 PVC, with a 15-foot
interval of 0.04-inch slotted screen set at 18 to 43 feet bgs. Flush-threaded PVC casing
and screen with no organic solvents or glues will be used. The filter pack will be clean,
well-rounded silica sand with a 6-9 grain size and will be placed in the annular space to
one foot above the screened interval. A 15-foot layer of bentonite will be placed directly
over the filter pack. The first 12 inches of bentonite will consist of bentonite pellets
hydrated in place in 6-inch lifts with potable water. This layer of pellets will prevent the
rapid addition of bentonite slurry from saturating the upper portion of the filter pack. The
remaining 14 feet of bentonite will be fully hydrated and mixed aboveground, and then
tremmied into the annular space to produce an air-tight seal above the screened interval that
will prevent injected air from short-circuiting to the surface during the bioventing test.
The well will be completed to the ground surface with a bentonite/cement grout. Figure
3.8 illustrates the proposed central VW construction for this site.

A typical multi-depth vapor MP installation design for this site is shown in Figure 3.9.
Soil gas oxygen and carbon dioxide concentrations will be monitored at depths of 20, 30,
and 40-feet bgs at each location. Multi-depth monitoring will confirm that the entire soil
profile is receiving oxygen, and will be used to measure fuel biodegradation rates at each
depth. The annular spaces between the three monitoring intervals in each MP will be
sealed with bentonite to isolate the intervals. As in the central VW, several inches of
bentonite pellets will be used to shield the filter pack from rapid infiltration of bentonite
slurry additions. Thermocouples will be installed at the shallowest and deepest depths at
MPA to measure soil temperature. Additional details on VW and MP construction are
provided in Section 4 of the protocol document (Hinchee et al., 1992).

3.4 Background Well

The construction of an additional vapor MP may be required to measure background
levels of oxygen and carbon dioxide and to determine if natural carbon sources are
contributing to oxygen uptake during the in situ respiration test described in Section 3.7.
This background well would be installed in an area of uncontaminated soil and in the same
stratigraphic formation as the VWs and MPs to be installed at Sites 27, 28, and 44. The
background well would be similar in construction to the MPs (Figures 3.3, 3.6, and 3.9),
and would be screened at three depths. ES will require assistance from Nellis AFB in
selecting an appropriate location for the proposed background well.

3.5 Handling of Drill Cuttings

Drill cuttings from all VW and MP borings will be collected in US Department of
Transportation (DOT) approved containers. The containers will be labeled and placed in the
Nellis AFB hazardous materials storage area. These drill cuttings will become the
responsibility of Nellis AFB, and will be analyzed, handled, and disposed of in accordance
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with the current procedures for ongoing remedial investigations. This project is expected to
generate approximately 20 55-gallon drums of cuttings.

3.6 Soil and Soil Gas Sampling
3.6.1 Soil Samples

Three soil samples will be collected from each pilot test area during the installation of
the VW and MPs. Sampling procedures will follow those outlined in the protocol
document. One sample will be collected from the most contaminated interval of each VW
boring, and one sample will be collected from the interval of highest apparent
contamination in each of the borings for the two MPs closest to the VW. Soil samples will
be analyzed for TRPH, BTEX, soil moisture, pH, particle sizing, alkalinity, total iron, and
nutrients. One sample will be collected from the background MP boring and analyzed for
total Kjeldahl nitrogen: (TKN).

Samples for TRPH and BTEX analysis will be collected using a split-spoon sampler
containing brass tube liners. Soil samples collected in the brass tubes for TRPH and BTEX
analyses will be immediately trimmed, and the ends will be sealed with aluminum foil or
Teflon® fabric held in place by plastic caps. Soil samples collected for physical parameter
analyses will be placed in glass sample jars or other appropriate sample containers specified
in the base sample handling plan. Soil samples will be labeled following the nomenclature
specified in the protocol document (Section 5), wrapped in plastic, and placed in a cooler
for shipment. A chain-of-custody form will be filled out, and the cooler will be shipped to
the Pace, Inc. laboratory in Huntington Beach, California, for analysis. This laboratory
has been audited by the Air Force and meets all quality assurance/quality control and
certification requirements for the State of California.

3.6.2 Soil Gas Samples

A total hydrocarbon vapor analyzer will be used during auguring to screen split-spoon
soil samples for intervals of fuel contamination. Initial and final soil gas samples will be
collected in SUMMAR® canisters, in accordance with the bioventing field sampling plan
(ES, 1992b), from the VWs and from the MPs closest to and furthest from the VWs.
Additionally, these soil gas samples will be used to predict potential air emissions, to
determine the reduction in BTEX and total volatile hydrocarbons (TVH) during the 1-year
test, and to detect any migration of these vapors from the source area.

Soil gas sample canisters will be placed in a small cooler and packed with foam pellets
to prevent excessive movement during shipment. Samples will not be sent on ice in order
to prevent condensation of hydrocarbons. A chain-of-custody form will be filled out, and
the cooler will be shipped to the Air Toxics, Inc. laboratory in Folsom, California for
analysis.

3.7 Blower Systems

A 3-horsepower positive-displacement blower capable of injecting air at a flow rate of 20
to 40 standard cubic feet per minute (scfin) at a pressure of 8 pounds per square inch (psi) will
be used to conduct the initial air permeability tests at each site. Figure 3.10 is a schematic of a
typical air injection system used for pilot testing. The maximum power requirement
anticipated for these pilot tests is 230-volt, single-phase, 30-amp service. Additional
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details on power supply requirements are described in Section 5.0, Base Support
Requirements.

3.8 In Situ Respiration Tests

The objective of the in situ respiration tests is to determine the rate at which soil
bacteria degrade petroleum hydrocarbons. Respiration tests will be performed at every
vapor MP at each of the three sites where bacterial biodegradation of hydrocarbons is
indicated by low oxygen levels and elevated carbon dioxide concentrations in the soil gas.
Using a 1-scfm pump, air will be injected into each MP depth interval containing low
levels (<2%) of oxygen. A 20-hour air injection period will be used to oxygenate local
contaminated soils. At the end of the 20-hour air injection period, the air supply will be
cut off, and oxygen and carbon dioxide levels will be monitored for the following 48 to 72
hours. The decline in oxygen and increase in carbon dioxide concentrations over time will
be used to estimate rates of bacterial degradation of fuel residuals. Helium will also be
injected at three or four MPs at each site to determine whether there are leaks in the
monitoring points, allowing oxygen to escape. Additional details on the in situ respiration
test procedures are provided in Section 5.7 of the protocol document (Hinchee et al.,
1992).

3.9 Air Permeability Tests

The objective of the air permeability tests is to determine the extent of the subsurface
that can be oxygenated using the VWs. Air will be injected into the 4-inch-diameter VWs
using the blower unit, and pressure response will be measured at each MP with differential
pressure gauges to determine the region influenced by the unit. Oxygen will also be
monitored in the MPs to ascertain whether oxygen levels in the soil increase as the result of
air injection. One air permeability test lasting 4 to 8 hours will be performed at each site.

3.10 Potential for Air Emissions

The potential for air emissions is considered low for these sites. Soil gas will move
outward and upward from the deep contamination, and volatile contaminants in the soil gas

will biodegrade as the gas migrates. During initial air injection, health and safety

monitoring will ensure that breathing-zone hydrocarbon concentrations do not exceed 1
part per million, volume per volume (ppmv).

3.11 Extended Pilot Test Bioventing System

If initial testing shows adequate soil permeability and oxygen transport, extended
bioventing systems will also be installed at Site 27, 28, and 44. At each site, the base will
be requested to provide a power pole with a 230-volt, single-phase, 30-amp breaker box,
one 230-volt receptacle, and one 110-volt duplex receptacle. Depending on the availability
of a base electrician, a base electrician or a licensed electrician subcontracted to ES will
assist in wiring the blowers to line power. The blowers will be 1.0-horsepower
regenerative blowers capable of injecting air at approximately 2 psi and 88 scfm. The
blowers will be provided with vacuum, pressure, and temperature gauges, air filters, and
pressure relief and flow control valves (see Figure 3.10). The blowers will be housed in
small, prefabricated sheds to provide protection from the weather.
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The systems will be in operation for 1 year, and every 6 months ES personnel will conduct
in situ respiration tests to monitor the long-term performance of this bioventing system.
Weekly system checks will be performed by Nellis AFB personnel. If required, major
maintenance of the blower unit may be performed by ES personnel. Detailed blower
system information and a maintenance schedule will be included in the operation and
maintenance (O&M) manual to be provided to the base. More detailed information
regarding the test procedures can be found in the protocol document.

4.0 EXCEPTIONS TO PROTOCOL PROCEDURES

The procedures that will be used to measure the air permeability of the soil and in situ
respiration rates are described in Sections 4 and 5 of the protocol document (Hinchee et
al., 1992). No exceptions to the protocol procedures are anticipated.

5.0 BASE SUPPORT REQUIREMENTS

The following base support is needed prior to the arrival of the drilling subcontractor
and the ES pilot test team:

e Assistance in obtaining drilling and digging permits.

e Assistance in selecting a suitable location for the background well. The background
well location should be in an area with no fuel contamination and with similar
stratigraphy to that of Sites 27, 28, and 44. Preferably, a 110-volt receptacle will be
available within 150 feet of the background well location.

e Installation of power at Sites 27, 28, 44. Each site will require a 230-volt, 30-amp,
single-phase service and a breaker box with one 230-volt receptacle and one 110-volt
duplex receptacle. The breaker box should be located as close as possible, but
within 50 feet of the proposed central VW location at each site.

¢ Provision of any paperwork required to obtain gate passes and security badges for
approximately two ES employees, two drillers, and an electrician (if a base
electrician is not available). Vehicle passes will be needed for one truck and a drill

rig.
During the initial testing, the following base support is needed:
® A decontamination area where the driller can clean augers between borings.

o Acceptance of responsibility by Nellis AFB for drill cuttings from VW and MP
borings, including any sampling to determine hazardous waste status.

e Twelve square feet of desk space and a telephone in a building located as close to
the site as practicable.

¢ The use of a facsimile machine for transmitting 15 to 20 pages of test results.

During the 1-year extended pilot test, base personnel will be required to perform the
following activities:

e Check the blower system once per week to ensure that it is operating and to record
the air injection pressure and temperature. Change air filters when required. ES
will provide a brief training session on these procedures and an O&M manual.
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e If the blower stops working, notify Mr. Russell Frishmuth or Mr. Doug Downey,
ES-Denver, at (303) 831-8100, or Mr. Marty Faile, AFCEE, at (210) 536-4342.

e Arrange site access for an ES technician to conduct in situ respiration tests
approximately 6 months and 1 year after the initial pilot test.

6.0 PROJECT SCHEDULE

The following schedule is contingent upon timely approval of this pilot test work plaﬁ.

Event

Draft Test Work Plan to AFCEE/Nellis AFB

Begin Initial Pilot Tests

Event

Complete Initial Pilot Tests
Interim Results Report
Second Respiration Tests
Final Respiration Tests

7.0 POINTS OF CONTACT

Sarah Robison
USAFWTC/EVR

4551 Devlin Drive

Nellis AFB, NV 89141-6546
(702) 652-3164

Waldo Pulido
USAFWTC/EVR

4551 Devlin Drive

Nellis AFB, NV 89141-6546
(707) 652-3567

Marty Faile

AFCEE/EST

2504 D Drive, Suite 3
Brooks AFB, TX 78235-5103
(210) 536-4366

Doug Downey and
Russell Frishmuth
Engineering-Science, Inc.
1700 Broadway, Suite 900
Denver, CO. 80290
(303) 831-8100

Fax (303) 831-8208
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PART II

DRAFT
INTERIM PILOT TEST RESULTS REPORT FOR
SITES 27, 28, AND 44
NELLIS AFB, NEVADA

Initial bioventing pilot tests for in sifu treatment of fuel-contaminated soils at Sites 27, 28,
and 44 at Nellis Air Force Base (AFB) (the Base), Nevada were completed by Engineering-
Science, Inc. (ES) during the period from January 11 through February 10, 1994. The three
primary objectives of the pilot tests are:

» To assess the potential for supplying oxygen throughout the contaminated soil interval,

* To determine the rate at which indigenous microorganisms will degrade fuel when
supplied with oxygen-rich soil gas, and

» To evaluate the potential for sustaining these rates of biodegradation until fuel
contamination is remediated to concentrations below regulatory standards.

The purpose of this report is to describe the results of the initial pilot tests at Sites 27, 28,
and 44 and to make specific recommendations for extended testing to determine the long-term
impact of bioventing on site contaminants. Descriptions of the history, geology, and
contamination at the sites are contained in Part I, the Bioventing Pilot Test Work Plan.

1.0 PILOT TEST DESIGN AND CONSTRUCTION

Installation of three vapor monitoring points (MPs) and one vent well (VW) at Site 27
took place on January 13 through January 16, 1994. Installation of three MPs and one VW at
Site 28 took place on January 19 through January 21, 1994. Installation of three MPs and one
VW at Site 44 took place on January 16 through January 19, 1994. Drilling oversight, MP
installation, and soil sampling was conducted by Mr. Rusty Frishmuth, ES site manager, and
Mr. Scott Pearson, ES test engineer. Drilling services were provided by Enviro-Drill of
Phoenix, Arizona, and electrical services were provided by Canyon Electric, Inc. of Las
Vegas, Nevada. The following sections describe the final design and installation of the
bioventing systems at each site.

1.1 Site 27

Three MPs, one VW, and a blower unit were installed at Site 27. Locations of the VW and
MPs completed at the site are shown in Figure 1.1. The hydrogeologic cross-section of the
site is shown in Figure 1.2. Boring logs for the MPs and VW are included in Appendix A.
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The background MP for this site is MW-6, a monitoring well located approximately 400 feet
north of Site 44. MW-6 is screened from 30 to 50 feet below ground surface (bgs) and has
approximately 17 feet of screen above the groundwater surface. Soil gas was extracted from
this well, however, a soil sample was not collected. A background soil sample will be
collected during 1-year testing.

1.1.1 Air Injection Vent Well

The air injection VW was installed following procedures described in the Air Force Center
for Environmental Excellence (AFCEE) bioventing protocol document (Hinchee et al., 1992).
Figure 1.3 shows construction details for the VW. The VW was installed in contaminated
soils with the screened interval extending from 55 to 80 feet bgs. The groundwater surface
was approximately 71 feet bgs prior to the pilot test. The VW was constructed using 4-inch-
diameter, Schedule 40 polyvinyl chloride (PVC) casing, with 25 feet of 0.04-inch slotted PVC
screen. The annular space between the well casing and borehole was filled with 6-9 grain-size
silica sand from the bottom of the borehole to approximately 3 feet above the well screen.
Five feet of 0.25-inch bentonite pellets was placed above the sand in 6-inch lifts and hydrated
in place. Forty-four feet of granular bentonite was placed above the pellets and hydrated in
place. The VW was completed with a PVC tee set approximately 1 foot bgs. The tee was
then covered with a well box set at the ground surface.

1.1.2 Monitoring Points

MP screens were installed at 55, 65, and 70 feet bgs. The three MPs (MPA, MPB, and
MPC) at this site were constructed as shown in Figure 1.4. MPA, MPB, and MPC were
installed 10, 25, and 45 feet from the VW, respectively. Each was constructed using 6-inch
sections of 1-inch-diameter PVC well screen with 0.25-inch PVC riser pipes extending to the
ground surface. At the top of each riser, a ball valve and a 3/16-inch hose barb were installed.

. The top of each MP was completed with a flush-mounted metal well protector set in concrete.

A thermocouple was installed at the 70-foot depth at MPA to measure soil temperature
variations.

1.1.3 Blower Unit

A 1-horsepower Gast® regenerative blower was installed at Site 27 for the initial and
extended pilot test. During the initial pilot test, the blower was energized by 208-volt, single-
phase, 20-amp power from a temporary receptacle mounted on a post by Canyon Electric; for
the extended pilot test, the unit has been hard-wired to a newly installed disconnect mounted
on the post. The blower was configured to inject approximately 40 standard cubic feet per
minute (scfm) for the extended pilot test. The configuration, instrumentation, and
specifications for the extended pilot test blower unit are shown on Figure 1.5. Prior to
departing from the site, ES engineers provided an operations and maintenance (O&M)
briefing checklist and blower maintenance manual to base personnel. A copy of the checklist
is provided in Appendix B.

1.2 Site 28

Three MPs, one VW, and a blower unit were installed at Site 28. Locations of the VW and
MPs completed at the site are shown on Figure 1.6. The hydrogeologic cross-section for the
site is
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shown on Figure 1.7. Boring logs for the MPs and VW are included in Appendix A. The
background MP for this site is MW-6, a monitoring well located in similar soils approximately
400 feet north of Site 44. The well is screened from 30 to 50 feet bgs and has approximately
17 feet of screen above the groundwater surface. Soil gas was extracted from this well,
however, a soil sample was not collected. A background soil sample will be collected during
1-year testing.

1.2.1 Air Injection Vent Well

The air injection VW was installed following procedures described in the AFCEE
bioventing protocol document (Hinchee et al., 1992). Figure 1.8 shows construction details
for the VW. The VW was installed in contaminated soils with the screened interval extending
from 30 to 65 feet bgs. The groundwater surface at this site prior to the test varied from
approximately 50 feet bgs at MPC to approximately 63.5 feet bgs at the VW. The VW was
constructed using 4-inch-diameter, Schedule 40 PVC casing, with 35 feet of 0.04-inch slotted
PVC screen. The annular space between the well casing and borehole was filled with 6-9
grain size silica sand from the bottom of the borehole to approximately 3 feet above the well
screen. Five feet of 1/4-inch bentonite pellets was placed above the sand in 6-inch lifts and
hydrated in place. Twenty feet of granular bentonite was placed above the pellets, hydrated in
place, and overlaid with a concrete seal to the existing gravel surface.

1.2.2 Monitoring Points

MP screens were installed at 30-, 40-, 50-, and 60-foot depths at MPA and MPB. Due to
elevated groundwater at MPC, a 60-foot screen was not possible; MPC screens were installed
at 30, 40, and 50 feet bgs. Four screens were installed at MPA and MPB when it was
discovered that contamination extended over a 35 foot interval and several soil types. The
three MPs (MPA, MPB, and MPC) at this site were constructed as shown in Figure 1.9.
MPA, MPB, and MPC were installed 15, 29, and 56 feet from the VW, respectively (Figure
1.6). The uneven spacing of the MPs was necessary to avoid several underground utilities in
the area. Each MP was constructed using 6-inch sections of 1-inch-diameter PVC well screen
and 0.25-inch PVC riser pipes extending to the ground surface. At the top of each riser, a ball
valve and a 3/16-inch hose barb were installed. The top of each MP was completed with a
flush-mounted metal well protector set in concrete. A thermocouple was installed at the 50-
foot depth at MPC to measure soil temperature variations.

1.2.3 Blower Unit

A 3-horsepower Roots® positive-displacement blower unit was used at Site 28 for the

initial pilot test, and a 1-horsepower Gast® regenerative blower unit was installed at the site
for the extended pilot test. The initial pilot test blower was energized by 208-volt, single-
phase, 20-amp power from a temporary receptacle mounted on a post outside Building 947.
The extended pilot test unit is wired to a newly installed disconnect on the post. The 1-
horsepower extended pilot test blower was configured to inject approximately 52 scfm for the
extended pilot test. The configuration, instrumentation, and specifications for the extended
pilot test blower unit are shown on Figure 1.10. Prior to departing from the site, ES engineers
provided an O&M briefing checklist and blower maintenance manual to Base personnel. A
copy of the checklist is provided in Appendix B.
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1.3 Site 44

Three MPs, one VW, and a blower unit were installed at Site 44. Locations of the VW and
MPs completed at the site are shown on Figure 1.11. The hydrogeologic cross-section for the
site is shown on Figure 1.12. Boring logs for the MPs and VW are included in Appendix A.
The background MP for this site is MW-6, a monitoring well located approximately 400 feet
north of the site. The well is screened from 30 to 50 feet bgs and has approximately 17 feet of
screen above the groundwater surface. Soil gas was extracted from this well, however, a soil
sample was not collected. A background soil sample will be collected during 1-year testing.

1.3.1 Air Injection Vent Well

The air injection VW was installed following procedures described in the AFCEE
bioventing protocol document (Hinchee et al., 1992). Figure 1.13 shows construction details
for the VW. The VW was installed in contaminated soils with the screened interval extending
from 18 to 43 feet bgs. The groundwater surface at this site was approximately 44 feet bgs
prior to the pilot test. The VW was constructed using 4-inch-diameter, Schedule 40 PVC
casing, with 25 feet of 0.04-inch slotted PVC screen. The annular space between the well
casing and borehole was filled with 6-9 grain size silica sand from the bottom of the borehole
to approximately 3 feet above the well screen. Sixteen feet of granular bentonite was placed
above the sand, hydrated in place, and overlaid with a concrete seal to the existing asphalt
surface.

1.3.2 Monitoring Points

The MP screens were installed at 24-, 32-, and 39-foot depths. The three MPs (MPA,
MPB, and MPC) at this site were constructed as shown in Figure 1.14. MPA, MPB, and
MPC were installed 10, 20, and 35 feet from the VW, respectively. Each was constructed
using 6-inch sections of 1-inch-diameter PVC well screen and 0.25-inch PVC riser pipes
extending to the ground surface. At the top of each riser, a ball valve and a 3/16-inch hose
barb were installed. The top of each MP was completed with a flush-mounted metal well
protector set in concrete. A thermocouple was installed at the 39-foot depth at MPA to
measure soil temperature variations.

1.3.3 Blower Unit

A 1-horsepower Gast® regenerative blower was installed at Site 44 for the initial and
extended pilot test. During the initial pilot test, the blower was energized by 208-volt, single-
phase, 20-amp power from a temporary receptacle mounted on a newly installed pole by
Canyon Electric; for the extended pilot test, the unit has been hard-wired to a newly installed
breaker mounted on the pole. The blower was configured to inject approximately 61 scfm for
the extended pilot test. The configuration, instrumentation, and specifications for the
extended pilot test unit are shown on Figure 1.15. Prior to departing from the site, ES
engineers provided an O&M briefing checklist and blower maintenance manual to base
personnel. A copy of the checklist is provided in Appendix B.
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2.0 PILOT TEST SOIL AND SOIL GAS SAMPLING RESULTS
2.1 Site 27
2.1.1 Sampling Results

Soils at this site generally consist of silty clay with lenses of sand and caliche (Figure 1.2).
Bedrock was not encountered during drilling for this pilot test and is not shown on the figure.
The general soil profile consists of clay, silt, and sand in the upper 19 feet, a lens of caliche
from 19 to 23 feet bgs, silty clay from 23 to approximately 42 feet bgs, a lens of sand from 42
to 45 feet bgs, and silty clay to at least 80 feet bgs. Several other small, isolated lenses of
caliche were encountered during drilling. Groundwater occurred at 72 feet bgs in the
completed VW. Approximately 0.75 foot of free product was floating on the groundwater
surface. Boring logs for the MPs and VW are included in Appendix A.

Hydrocarbon contamination at this site appears to extend from approximately 50 to at least
80 feet bgs. Contaminated soils were identified based on odor and total volatile hydrocarbon
(TVH) field screening results. Contaminated soils were encountered in all MP boreholes, with
the greatest contamination occurring at 70 feet bgs in MPB (Figure 1.2). Soils at these
locations had a strong hydrocarbon odor.

Soil samples for laboratory analysis were collected from split-spoon samplers with 2-inch-

diameter brass liners. Soil samples were screened for TVH using a GasTech® TVH analyzer
to determine the presence of contamination and to select soil samples for laboratory analysis.
Soil samples for laboratory analysis were collected from a depth of 80 from the VW, 65 feet
from MPA, 70 feet from MPB, and 65 feet from MPC. Soil gas samples were collected by
extracting soil gas from a depth of 55 feet bgs from MPA, 70 feet bgs from MPC, and from
the VW.

Soil samples were shipped via Federal Express® to the Pace, Inc. laboratory in Huntington
Beach, California for chemical and physical analysis. Soil samples were analyzed for total
recoverable petroleum hydrocarbons (TRPH); benzene, toluene, ethylbenzene, and xylenes
(BTEX); iron; alkalinity; total Kjeldahl nitrogen (TKN); and several physical parameters. Soil

gas samples were shipped via Federal Express® to Air Toxics, Inc. in Folsom, California for
TVH and BTEX analysis. The results of these analyses are provided in Table 2.1.
Concentrations of soil contaminants appear to be lower than expected when compared to soil
gas contaminant concentrations and field observations. Matrix interference appears to be a
probable cause for the low laboratory results. Isolated vertical fissures in the soil appeared to
contain the majority of the contamination. If soils outside of the fissure zones were collected
for laboratory analysis, it is probable that results would be much lower than expected.

2.1.2 Exceptions To Test Protocol Document Procedures

Procedures described in the protocol document (Hinchee et al., 1992) were used to
complete treatability tests at Site 27 with a few exceptions. One additional soil sample was
analyzed after contamination was discovered in a different soil type and depth at MPC. This
sample was included so that the site could be more accurately characterized. One
thermocouple was installed at MPA instead of the two prescribed in the test protocol. A 1-
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TABLE 2.1
SOIL AND SOIL GAS ANALYTICAL RESULTS
SITE 27
NELLIS AFB, NEVADA
Sample Location-Depth
Analyte (Units)a/ (feet below ground surface)
i dr VW 55-80 MPA-35 MPC-70
TVH (ppmv) 89,000 56,000 100,000
Benzene (ppmv) 390 260 980
Toluene (ppmv) 240 66 810
Ethylbenzene (ppmv) 45 25 42
Xylenes (ppmv) 94 65 140
Soil Hydrocarbons VW-80 MPA-65 PB- MPC-65
TRPH (mg/kg) ND" ND 193 5.9
Benzene (mg/kg) 0.41 0.23 0.51 0.42
Toluene (mg/kg) 0.41 0.022 2.7 4.3
Ethylbenzene (mg/kg) 0.072 0.0076 1.1 2.9
Xylenes (mg/kg) 0.35 0.022 54 13
Soil Inorganics VW-8 MPA-65 MPB-70 MPC-65
Iron (mg/kg) 7,930 9,400 6,350 4,120
Alkalinity 3,930 480 1690 353
(mg/kg as CaCO,)
pH (units) 8.7 8.6 8.8 9
TKN (mg/kg) 740 100 70 120
Phosphate (mg/kg) 170 170 130 210
Soil Physical Parameters VW- MPA-65 MPB-70 MPC-65
Moisture (% wt.) 13.2 22.7 14.3 5.7
Gravel (%) 0.0 0.0 0.0 8.4
Sand (%) 21.6 25.5 252 28.1
Silt (%) 45.0 41.0 40.7 36.7
Clay (%) 334 33.5 34.0 26.8
Soil Temperature (°F) MPA-
69.4
a/

mg/kg = milligrams per kilogram; ppmv = parts per million, volume per volume; CaCO; = calcium

carbonate; TKN = total Kjeldahl nitrogen; TVH = total volatile hydrocarbons; TRPH = total reoverable
petroleum hydrocarbons; °F = degrees Fahrenheit.

Y ND = not detected.

022/722408/17.ww6
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horsepower regenerative blower was used to perform the permeability test. This blower was
used after the motor on the 3-horsepower positive-displacement test blower failed and
rendered the blower inoperable. Based on data from the permeability test, the smaller blower
appears to have provided sufficient air flow to obtain meaningful results.

2.2 Site 28 /
2.2.1 Sampling Results

Soils at this site consist primarily of silty clays with layers of caliche and sand (Figure 1.7).
Bedrock was not encountered during drilling for this pilot test and is not shown in the figure.
The general soil profile consists of clay, silt, and sand to 10 feet bgs; silty clays with layers of
caliche and sand to 50 to 60 feet bgs; clay, silt, and sand to 55 to 65 feet bgs; and silty clay to
at least 65 feet bgs. The groundwater surface at this site prior to the test varied from
approximately 50 feet bgs at MPC to approximately 63.5 feet bgs at the VW. Boring logs for
the MPs and VW are included in Appendix A.

Hydrocarbon contamination at this site appears to extend from approximately 30 to at least
65 feet bgs. Contaminated soils were identified based on odor and TVH field screening
results. Contaminated soils were encountered in all MP boreholes with the greatest
contamination occurring at 50 feet bgs at MPB. Soils at these locations had a strong
hydrocarbon odor.

Soil samples for laboratory analysis were collected from split-spoon samplers with 2-inch-

diameter brass liners. Soil samples were screened for TVH using a GasTech® TVH analyzer
to determine the presence of contamination and to select soil samples for laboratory analysis.
Soil samples for laboratory analysis were collected from a depth of 65 feet from the VW, 42
feet from MPA, and 50 feet from MPB. Soil gas samples were collected by extracting soil gas
from a depth of 50 feet bgs from MPA, 30 feet bgs from MPC, and the VW.

Soil samples were shipped via Federal Express® to the Pace, Inc. laboratory in Huntington
Beach, California for chemical and physical analysis. Soil samples were analyzed for TRPH,
BTEX, iron, alkalinity, TKN, and several physical parameters. Soil gas samples were shipped

via Federal Express® to Air Toxics, Inc. in Folsom, California for TVH and BTEX analysis.
The results of these analyses are provided in Table 2.2. Concentrations of soil contaminants
appear to be lower than expected when compared to soil gas contaminant concentrations and
field observations. Matrix interference appears to be a probable cause for the low laboratory
results. Isolated vertical fissures in the soil appeared to contain the majority of the
contamination. If soils outside of the fissure zones were collected for laboratory analysis, it is
probable that results would be much lower than expected. This is evident when the sample
MPB-50 is compared to all of the other samples collected from the area. The area is known
to have widespread contamination, yet sample MPB-50 was the only sample that had
appreciable concentrations of TRPH or BTEX.

2.2.2 Exceptions To Test Protocol Document Procedures

Procedures described in the protocol document (Hinchee et al., 1992) were used to
complete treatability tests at Site 28 with two exceptions. One thermocouple was installed at
MPC instead of two at MPA as prescribed in the test protocol. Additionally, two of the MPs,
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TABLE 2.2
SOIL AND SOIL GAS ANALYTICAL RESULTS
SITE 28
NELLIS AFB, NEVADA
Sample Location-Depth

Analyte (Units)a/ (feet below ground surface)
Soil Gas Hydrocarbons YW 30-65 MPA-50 MPC-30
TVH (ppmv) 98,000 80,000 38,000
Benzene (ppmv) 870 400 290
Toluene (ppmv) 1000 310 330
Ethylbenzene (ppmv) 64 20 80
Xylenes (ppmv) 230 65 260

il r VWw- MPA-42 MPB-50 MPB-30
TRPH (mg/kg) 196 ND” 8,720 ND
Benzene (mg/kg) 29 0.24 25 0.024
Toluene (mg/kg) 120 0.03 140 0.0025
Ethylbenzene (mg/kg) 51 0.033 68 0.0057
Xylenes (mg/kg) 220 0.18 280 0.026
Soil Inorganics VW- MPA-42 MPB-50 MPB-30
Iron (mg/kg) 6,340 6,550 4,520 Ns¥
Alkalinity 486 433 315 NS

(mg/kg as CaCO;)
pH (units) 8.7 8.4 8.7 NS
TKN (mg/kg) 93 110 100 110
Phosphate (mg/kg) 490 230 150 NS
Soil Physical Parameters VW- A-42 MPB-50 MPB-30
Moisture (% wt.) 323 26.6 16 21.6
Gravel (%) 8.9 25.8 14 NS
Sand (%) 49.0 40.1 55.2 NS
Silt (%) 27.0 204 28.1 NS
Clay (%) 15.1 13.7 15.3 NS
Soil Temperature (°F) MPC-50
73.8

a/

mg/kg = milligrams per kilogram; ppmv = parts per million, volume per volume; CaCO; = calcium

carbonate; TKN = total Kjeldahl nitrogen; TVH = total volatile hydrocarbons; TRPH = total reoverable
petroleum hydrocarbons; °F = degrees Fahrenheit.

Y ND = not detected.

NS = not sampled.

022/722408/18. ww6
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MPA and MPB, were constructed with four screened monitoring intervals instead of the
typical three. Four monitoring depths were installed because the contaminated soil interval
discovered at the site was so large.

2.3 Site 44
2.3.1 Sampling Results

Soils at this site generally consist of silty clays with lenses of caliche (Figure 1.12).
Bedrock was not encountered during drilling for this pilot test and is not shown on the figure.
The general soil profile consists of silty clay throughout the test interval with lenses of caliche
at 11, 20, 35, and 39 feet bgs. A small interval of silt and sand was encountered at the surface
at the VW. Groundwater occurred at 44 feet bgs in the VW borehole. Boring logs for the
MPs and VW are included in Appendix A.

Hydrocarbon contamination at this site appears to extend from approximately 20 to at least
44 feet bgs. Contaminated soils were identified based on odor and TVH field screening
results. Contaminated soils were encountered in all MP boreholes, with the greatest
contamination occurring at 32 feet bgs in MPA. Soils at these locations had a strong
hydrocarbon odor (Figure 1.12).

Soil samples for laboratory analysis were collected from split-spoon samplers with 2-inch-

diameter brass liners. Soil samples were screened for TVH using a GasTech® TVH analyzer
to determine the presence of contamination and to select soil samples for laboratory analysis.
Soil samples for laboratory analysis were collected from a depth of 40 from the VW, 32 feet
from MPA, and 24 feet from MPB. Soil gas samples were collected by extracting soil gas
from a depth of 32 feet bgs from MPA, 39 feet bgs from MPC, and the VW,

Soil samples were shipped via Federal Express® to the Pace, Inc. laboratory in Huntington
Beach, California for chemical and physical analysis. Soil samples were analyzed for TRPH,
BTEX, iron, alkalinity, TKN, and several physical parameters. Soil gas samples were shipped

via Federal Express® to Air Toxics, Inc. in Folsom, California for TVH and BTEX analysis.
The results of these analyses are provided in Table 2.3. Concentrations of soil contaminants
appear to be lower than expected when compared to soil gas contaminant concentrations and
field observations. Matrix interference appears to be a probable cause for the low laboratory
results. Isolated vertical fissures in the soil appeared to contain the majority of the
contamination. If soils outside of the fissure zones were collected for laboratory analysis, it is
probable that results would be much lower than expected.

2.3.2 Exceptions To Test Protocol Document Procedures

Procedures described in the protocol document (Hinchee et al., 1992) were used to
complete treatability tests at Site 44 with two exceptions. One thermocouple was installed at
MPA instead of the two prescribed in the test protocol. A 1-horsepower regenerative blower
was used to perform the permeability test. This blower was used after the motor on the 3-
horsepower positive displacement test blower failed and rendered the blower inoperable.
Based on data from the permeability test, the smaller blower provided sufficient air flow to
obtain meaningful results.
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TABLE 2.3
SOIL AND SOIL GAS ANALYTICAL RESULTS
SITE 44
NELLIS AFB, NEVADA
Sample Location-Depth
Analyte (Units)a/ (feet below ground surface)
Soil Gas Hydrocarbons YW i18-43 MPA-32 MPC-
TVH (ppmv) 20,000 23,000 45,000
Benzene (ppmv) 99 140 370
Toluene (ppmv) 760 1000 500
Ethylbenzene (ppmv) 74 79 50
Xylenes (ppmv) 460 500 170
Soil Hydrocarbons VW-40 MPA-32 MPB-24
TRPH (mg/kg) ND" 865 25.3
Benzene (mg/kg) 3.7 ND ND
Toluene (mg/kg) 6 150 2.7
Ethylbenzene (mg/kg) 0.96 77 7.1
Xylenes (mg/kg) 4.2 240 74
Soil Inorganics Vw-4 MPA-32 MPB-24
Iron (mg/kg) 12,000 2,900 5,360
Alkalinity 625 198 1570
(mg/kg as CaCO;)
pH (units) 8.2 8.4 8.8
TKN (mg/kg) 140 ND ND
Phosphate (mg/kg) 430 74 120
Soil Physical Parameters VW-40 MPA-32 MPB-24
Moisture (% wt.) 459 10.5 18.4
Gravel (%) 47.7 0.7 15.8
Sand (%) 20.0 30.2 40.8
Silt (%) 18.1 29.8 273
Clay (%) 14.2 393 16.0
Soil Temperature (°F) MPA-39
74.0
a/

petroleum hydrocarbons; °F = degrees Fahrenheit.

Y ND = not detected.

022/722408/19.ww6
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3.0 PILOT TEST RESULTS
3.1 Site 27
3.1.1 Initial Seil Gas Chemistry

Prior to initiating any air injection, all MPs and the VW were purged until oxygen levels
had stabilized, and initial oxygen, carbon dioxide, and TVH concentrations were sampled
using portable gas analyzers as described in the protocol document (Hinchee et al., 1992). At
all MP screened intervals sampled, microorganisms had significantly depleted soil gas oxygen
supplies, indicating significant biological activity and soil contamination. Table 3.1
summarizes the initial soil gas chemistry.

3.1.2 Air Permeability

An air permeability test was conducted according to protocol document procedures. Air
was injected into the VW for 21.5 hours at a rate of approximately 7.0 scfm and an average
pressure of 1.5 pounds per square inch (psi). The maximum pressure response at each MP is
listed in Table 3.2. The pressure measured at the MPs quickly increased at a regular rate
throughout the period of air injection. Due to the short-term pressure response, the steady-
state method of determining air permeability was selected. A soil gas permeability value of
2.9 darcys, typical for clay soils, was calculated for this site. A radius of pressure influence of
at least 45 feet was observed at the 55- and 70-foot depths.

3.1.3 Oxygen Influence

The depth and radius of oxygen increase in the subsurface resulting from air injection into
the central VW during pilot testing is the primary design parameter for full-scale bioventing
systems. Optimization of full-scale and multiple VW systems requires pilot testing to
determine the volume of soil that can be oxygenated at a given flow rate and VW screen
configuration.

Table 3.3 presents the change in soil gas oxygen levels that occurred during the 21.5-hour
air permeability test. Since the permeability test was conducted with the same blower that will
be used for the 1-year extended pilot tests, these oxygen influence results are indicative of
what the long-term results will be. This period of air injection at approximately 7.0 scfm
produced changes in soil gas oxygen levels at all of the functioning MP screened intervals.
Based on measured changes in oxygen levels, it is anticipated that the radius of influence for a
long-term bioventing system at this site will exceed 45 feet at the 55- and 70-foot depths.
Good oxygen influence above and below the layer at 65 feet bgs should lead to oxygen
diffusion into these low-permeability soils. Monitoring during the extended pilot test at this
site will better define the effective treatment radius. -

3.1.4 In Situ Respiration Rates

The in situ respiration test was performed by injecting a mixture of air (oxygen) and
approximately 1.9 percent helium (inert tracer gas) into three MP screened intervals (MPA-
70, MPB-55, and MPC-55) and the VW for a 19-hour period. Oxygen loss and other changes
in soil gas composition over time were then measured at these intervals and at all other MP
intervals which had elevated oxygen levels following the air injection. Oxygen, TVH, carbon
dioxide, and helium were measured for a period of approximately 9 days following air
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TABLE 3.1
INITIAL SOIL GAS CHEMISTRY
SITE 27
NELLIS AFB, NEVADA
‘Sample Depth 0, CO, Field Lab Soil
Location (ft) (%) (%) TVH TVH TRPH
@Eemv)”  epmv)”  (mg/ke)”
MPA 55 0.5 10.0 >20,000 56,000 Ns?
MPB 55 0.7 11.0 >20,000 NS NS
MPC 55 1.8 9.5 >20,000 NS NS
MPA 65 — NDY
MPB 65 -—- - --- -- NS
MPC 65 - - - -—- 5.9
MPA 70 1.0 1.0 >20,000 NS NS
MPB 70 2.5 0.9 >20,000 NS 193
MPC 70 2.9 0.8 >20,000 100,000 NS
vw 55-80 2.0 8.1 >20,000 89,000 ND¥
o Field screening results, in parts per million, volume per volume (ppmv).
b Laboratory results.
o/

Laboratory soil results, in milligrams per kilogram (mg/kg).
NS = not sampled.

--- = unable to collect sample due to tight soil conditions.

o ND = not detected.

4 Sample collected from 80 feet bgs.
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TABLE 3.2
MAXIMUM PRESSURE RESPONSE
AIR PERMEABILITY TEST
SITE 27
NELLIS AFB, NEVADA
Distance from VW (feet)
10 25 45
(MPA) (MPB) (MPC)
Depth (feet) 55 65 70 55 65 70 55 65 70
Time (min) 1,140 1,140 1,140 1,140 1,140 1,140 1,140 25 1,140
Max Press. 6.30 0.82 11.5 3.10 1.70 8.80 3.05 0.13 8.40
(inches H,0)
11-28
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TABLE 3.3

INFLUENCE OF AIR INJECTION AT VENT WELL
ON MONITORING POINT OXYGEN LEVELS

SITE 27
NELLIS AFB, NEVADA
Distance
MP From VW (ft) Depth (ft) Inital 0,(%)  Final O, (%)”
A 10 55 0.5 20.7
B 25 55 0.7 204
C 45 55 1.8 17.9
A 10 65 4
B 25 65
C 45 65
A 10 70 1.0 18.2
B 25 70 2.5 20.6
C 45 70 2.9 20.3

o Reading taken after approximately 21.5 hours of injection using long-term blower system.
Y .. = unable to collect sample due to tight soil conditions.
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injection. The measured oxygen losses were then used to calculate biological oxygen
utilization rates. The results of in situ respiration testing for the MP intervals at this site are
presented in Figures 3.1 through 3.4. Additional respiration test results are included in
Appendix A. Table 3.4 provides a summary of the oxygen utilization rates.

Because helium is a conservative, inert gas, the change in helium concentrations over time
can be useful in determining the effectiveness of the bentonite seals between MP screened
intervals. Figures 3.1 through 3.4 compare oxygen utilization and helium retention. Because
the observed helium loss was negligible, and because helium will diffuse approximately three
times faster than oxygen due to oxygen’s greater molecular weight, the measured oxygen loss
is the result of bacterial respiration and is not due to faulty MP construction.

Oxygen loss occurred at slow rates, ranging from 0.0001 percent per minute at MPC-55 to
0.0038 percent per minute at the VW. At the VW, oxygen dropped from 20.6 percent to 12.7
percent in 1,980 minutes.

Based on these oxygen utilization rates, an estimated 40 to 150 milligrams (mg) of fuel per
kilogram (kg) of soil can be degraded each year at this site. This conservative estimate is
based on an average air-filled porosity of approximately 0.14 liter per kg of soil, and a ratio of
3.5 mg of oxygen consumed for every 1 mg of fuel biodegraded. If oxygen can be uniformly
distributed in these soils, moderate long-term remediation of fuel hydrocarbons is predicted.

3.1.5 Potential Air Emissions

The long-term potential for air emissions from full-scale bioventing operations at this site is
low because of the air injection depth. Accumulated vapors will move slowly outward from
the air injection VW, and vapor-phase hydrocarbons will be biodegraded as they move
horizontally through the soil.

3.2 Site 28
3.2.1 Initial Soil Gas Chemistry

Prior to initiating any air injection, all MPs and the VW were purged until oxygen levels
had stabilized, and initial oxygen, carbon dioxide, and TVH concentrations were sampled
using portable gas analyzers, as described in the protocol document (Hinchee et al., 1992). At
all MP screened intervals sampled, microorganisms had significantly depleted soil gas oxygen
supplies, indicating significant biological activity and soil contamination. Table 3.5
summarizes the initial soil gas chemistry.

3.2.2 Air Permeability

An air permeability test was conducted according to protocol document procedures. Air
was injected into the VW for 18 hours at a flow rate of approximately 27 scfm and an average
pressure of 3.0 psi. The maximum pressure response at each MP are presented in Table 3.6.
The pressure measured at the MPs quickly increased regularly during the period of air
injection. Due to the short-term pressure response, the steady-state method of determining air
permeability was selected. A soil gas permeability value of 1.01 darcys, typical for clay soils,
was calculated for this site. A radius of pressure influence of at least 56 feet was observed in
soils below 30 feet bgs.
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TABLE 3.4
OXYGEN UTILIZATION RATES
SITE 27
NELLIS AFB, NEVADA
0, Loss” Test” 0, Utilization”
Location (%) Duration Rate
(min) (%/min)

MPA-70 3.7 7,220 0.0005
MPB-55 4.0 7,230 0.0005
MPC-55 2.5 13,050 0.0001

vw 7.9 1,980 0.0038

¥ Actual measured oxygen loss.
b/ Elapsed time from beginning of test to time when minimum oxygen concentration was measured.
" Values based on best-fit lines (Figures 3.1 through 3.4).
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NS = not sampled.
¢/ ND = not detected.
v --- = unable to collect sample due to tight soil conditions.

g Sample collected from 65 feet bgs.
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TABLE 3.5
INITIAL SOIL GAS CHEMISTRY
SITE 28
NELLIS AFB, NEVADA
Sample Depth 0, CO, Field Lab Soil
Location (ft) (%) (%) TVH TVH TRPH
@Emv)’  @Epmv)”  (mgkg)”
MPA 30 0.5 15.3 15,400 Ns? NS
MPB 30 1.0 15.0 16,400 NS NDY
MPC 30 0.8 14.2 13,800 38,000 NS
MPA 40 0.5 13.9 >20,000 NS NS
MPB 40 1.0 14.5 >20,000 NS NS
MPC 40 1.0 14.0 >20,000 NS NS
MPA 50 0.0 2.5 >20,000 80,000 NS
MPB 50 - 8,720
MPC 50 0.7 14.0 >20,000 NS NS
MPA 60 - -- - --- NS
MPB 60 2.2 82 >20,000 NS NS
VW 55-80 1.2 14.0 >20,000 98,000 196¢
¥ Field screening results, in parts per million, volume per volume (ppmv).
b/ Laboratory results.
o Laboratory soil results, in milligrams per kilogram (mg/kg).
d/




TABLE 3.6
MAXIMUM PRESSURE RESPONSE
AIR PERMEABILITY TEST
SITE 28
NELLIS AFB, NEVADA
Distance from VW (feet)
15 29 56
(MPA) (MPB) (MPC)
Depth (feet) 30 40 50 60 30 40 50 60 30 40 50
Time (min) 90 90 120- 110 90 90 150 150 100 70 110
Max Press. 040 090 180 36.5 024 0.50 0.00 284 0.16 0.25 0.54
(inches H,0)
11-37

022/722408/25.ww6




3.2.3 Oxygen Influence

The depth and radius of oxygen increase in the subsurface resulting from air injection into
the central VW during pilot testing is the primary design parameter for full-scale bioventing
systems. Optimization of full-scale and multiple VW systems requires pilot testing to
determine the volume of soil that can be oxygenated at a given flow rate and VW screen
configuration.

Table 3.7 presents the change in soil gas oxygen levels that occurred during the 18-hour air
permeability test. This period of air injection at approximately 27 scfin produced changes in
soil gas oxygen levels at each of the functioning MP screened intervals. Based on measured
changes in oxygen levels, it is anticipated that the radius of influence for a long-term
bioventing system at this site will exceed 55 feet at all depths between the groundwater
surface and approximate 30 feet bgs. Monitoring during the extended pilot test at this site will
better define the effective treatment radius.

3.2.4 In Situ Respiration Rates

The in situ respiration test was performed by injecting a mixture of air (oxygen) and
approximately 2.2 percent helium (inert tracer gas) into three MP screened intervals (MPA-
50, MPB-60, and MPC-40) and the VW for a 22-hour period. Oxygen loss and other changes
in soil gas composition over time were then measured at these intervals and at all other MP
intervals which had elevated oxygen levels following the air injection. Oxygen, TVH, carbon
dioxide, and helium were measured for a period of approximately 3.6 days following air
injection. The measured oxygen losses were then used to calculate biological oxygen
utilization rates. The results of in situ respiration testing for the MP intervals at this site are
presented in Figures 3.5 through 3.8. Additional respiration test results are included in
Appendix A. Table 3.8 provides a summary of the oxygen utilization rates.

Because helium is a conservative, inert gas, the change in helium concentrations over time
can be useful in determining the effectiveness of the bentonite seals between MP screened
intervals. Figures 3.5 through 3.8 compare oxygen utilization and helium retention. Because
the observed helium loss was negligible, and because helium will diffuse approximately three
times faster than oxygen due to oxygen’s greater molecular weight, the measured oxygen loss
is the result of bacterial respiration and is not due to faulty MP construction.

Oxygen loss occurred at moderate rates, ranging from 0.0009 percent per minute at MPC-
40 to 0.0046 percent per minute at MPA-50. At MPA-50, oxygen dropped from 20.0 percent
to 4.9 percent in 3,410 minutes.

Based on these oxygen utilization rates, an estimated 70 to 1,220 mg of fuel per kg of soil
can be degraded each year at this site. This conservative estimate is based on an average air-
filled porosity of approximately 0.08 liter per kg of soil, and a ratio of 3.5 mg of oxygen
consumed for every 1 mg of fuel biodegraded.

3.2.5 Potential Air Emissions

The long-term potential for air emissions from full-scale bioventing operations at this site is
low because of the air injection depth. Accumulated vapors will move slowly outward from
the air injection VW, and vapor-phase hydrocarbons will be biodegraded as they move
horizontally through the soil. Health and safety readings were taken inside Building 947

II-38

022/722408/16. WW6




TABLE 3.7

INFLUENCE OF AIR INJECTION AT VENT WELL
ON MONITORING POINT OXYGEN LEVELS

SITE 28
NELLIS AFB, NEVADA
Distance
MP From VW (ft) Depth (ft) Inital O,(%)  Final O, (%)*
A 15 30 0.5 7.0
B 29 30 1.0 1.0
C 56 30 0.8 0.8
A 15 40 0.5 20.2
B 29 40 1.0 19.4
C 56 40 1.0 14.1
A 15 50 0.0 5.5
B 29 50 Y 20.4
C 56 50 0.7 17.4
A 15 60 19.7
B 29 60 2.2 17.9

oy Reading taken at end of 18-hour air permeability test.
Y - = unable to collect sample due to tight soil conditions.

11-39
022/722408/26.ww6




(0001 x saynuw) 2wy

00'9 00°G 00'¥ 00°'¢ 00°2 00t 000
00 f } f “ } 00
G0 +
v +— 0°'S
o' + v v
wnieH juesled O p
v g
ejel uopeziun uebAxo 3
( . ez : ) 61 L 1 o001 & Q
uw/% ver00'0 =) (@) !
3 =
Q
uebAxQ juedied v ]
0'c +
(]
] A
0 + 0°Gi
g'¢ + O (]
O
0
o't — 0°'0¢

epeAsN ‘gdv SslieN
MA ‘8¢ 8IS
suoljejuaduon) wnydH pue usbAxQ
1s8] uonelidsay
G'¢ ainbi4




(0001 x senuyw) owyy

009 00°'S 00V 00°¢ 00°¢ 00t 000
00 } } i | + 00
. v 0
G0 + v
- 0°G
0L +
winie uedsed 0 p
o
[2}
(1]
ejel uoneziynn uebAxo 3
:. nezjun el ) c1 & 0 0oL A
uw/% 8S¥00°0 =) o <r
< =
Q
uebAxQ juedied v e
0'¢c + O 0
0 - 0'Gl
G'¢ +
0'e - 0°0¢

epeAsN ‘gdv sHIeN
0S-VdN ‘8¢ @S
SUOiRAUBOUO0D WNIBH pue UabAxQ
}s8] uoneiidsay
9'¢ einbi4




(0001 x sanujw) ewi)

009 00°¢S 00t 00°¢ 00°¢c 00°tL 00°0
00 } ! “ i “ 0°0
G0 + 0°S
wniiel uedied 0 o1 4 1 oot R
a
(eje1 uonezinn uebHAxO) v v m
uuw/% 962000 N — v g S
=
. 1 . Q
uebAx( juesled v ST . 0°'sl [
0 O O
0¢ + 0°02
O
O
O O
§'¢ - _ - 0'G¢

epeAaN ‘g4Vv StISN
09-adiN ‘8¢ S
SuoljejjUBdu0) wnieH pue uabAxQ
1s9] uoneldsay
/'€ ainbi4

G B TN G AN Tl D G S G SR SR EE TR N ar E e e




TABLE 3.8
OXYGEN UTILIZATION RATES
SITE 28
NELLIS AFB, NEVADA
0, Loss” Test” 0, Utilization®
Location (%) Duration Rate
(min) (%/min)

MPA-50 15.1 3,410 0.0046
MPB-60 8.1 2,810 0.0030
MPC-40 4.6 5,220 0.0009

Vw 8.9 1,990 0.0043

¥ Actual measured oxygen loss.
b/ Elapsed time from beginning of test to time when minimum oxygen concentration was measured.

" Values based on best-fit lines (Figures 3.5 through 3.8).
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prior to leaving the site to ensure that no vapors were migrating into the building as a result of
air injection at the site. All readings inside and beneath the building were at background
levels.

3.3 Site 44
3.3.1 Inmitial Soil Gas Chemistry

Prior to initiating any air injection, all MPs and the VW were purged until oxygen levels
had stabilized, and initial oxygen, carbon dioxide, and TVH concentrations were sampled
using portable gas analyzers as described in the protocol document (Hinchee et al., 1992). At
all MP screened intervals sampled, microorganisms had significantly depleted soil gas oxygen
supplies, indicating significant biological activity and soil contamination. —Table 3.9
summarizes the initial soil gas chemistry.

3.3.2 Air Permeability

An air permeability test was conducted according to protocol document procedures. Air
was injected into the VW for 27 hours at a rate of approximately 48 scfm and an average
pressure of 1.5 psi. ‘The maximum pressure response at each MP is listed in Table 3.10. The
pressure measured at the MPs quickly increased at a regular rate throughout the period of air
injection. Due to the short-term pressure response, the steady-state method of determining air
permeability was selected. A soil gas permeability value of 2.9 darcys, typical for clay soils,
was calculated for this site. A radius of pressure influence of at least 35 feet was observed at
all depths.

3.3.3 Oxygen Influence

The depth and radius of oxygen increase in the subsurface resulting from air injection into
the central VW during pilot testing is the primary design parameter for full-scale bioventing
systems. Optimization of full-scale and multiple VW systems requires pilot testing to
determine the volume of soil that can be oxygenated at a given flow rate and VW screen
configuration.

Table 3.11 presents the change in soil gas oxygen levels that occurred during the 27-hour
air permeability test. Since the permeability test was conducted with the same blower that will
be used for the 1-year extended pilot tests, these oxygen influence results are indicative of
what the long-term results will be. This period of air injection at approximately 48 scfm
produced changes in soil gas oxygen levels at all of the functioning MP screened intervals.
Based on measured changes in oxygen levels, it is anticipated that the radius of influence for a
long-term bioventing system at this site will exceed 35 feet at all depths. Monitoring during
the extended pilot test at this site will better define the effective treatment radius.

3.3.4 In Situ Respiration Rates

The in situ respiration test was performed by injecting a mixture of air (oxygen) and
approximately 2.8 percent helium (inert tracer gas) into three MP screened intervals (MPA-
32, MPB-39, and MPC-24) and the VW for a 19-hour period. Oxygen loss and other changes
in soil gas composition over time were then measured at these intervals and at all other MP
intervals which had elevated oxygen levels following the air injection. Oxygen, TVH,
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TABLE 3.9
INITIAL SOIL GAS CHEMISTRY
SITE 44
NELLIS AFB, NEVADA
Sample Depth 0O, CO, Field Lab Soil
Location (ft) (%) (%) TVH - TVH TRPH
(ppmv)”  (epmv)”  (mg/kg)” -
MPA 24 0.0 15.5 6,000 Ns? NS
MPB 24 0.5 15.0 7,200 NS 253
MPC 24 0.8 13.5 10,400 NS NS
MPA 32 0.0 16.9 12,400 23,000 865
MPB 32 0.5 13.8 16,200 NS NS
MPC 32 1.0 10.0 >20,000 NS NS
MPA 39 S NS
MPB 39 0.5 3.7 >20,000 NS NS
MPC 39 0.5 1.4 >20,000 45,000 NS
VW 18-43 1.2 15.9 11,600 20,000 ND”¥
o - Field screening results, in parts per million, volume per volume (ppmv).
b Laboratory results.

c/

Laboratory soil results, in milligrams per kilogram (mg/kg).

ol NS = not sampled.

o --- = unable to collect sample due to tight soil conditions.
v ND = not detected.

¢ Sample collected from 40 feet bgs.
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TABLE 3.10
MAXIMUM PRESSURE RESPONSE
AIR PERMEABILITY TEST
SITE 44
NELLIS AFB, NEVADA
Distance from VW (feet)
10 20 35
(MPA) (MPB) (MPC)
Depth (feet) 24 32 39 24 32 39 24 32 39
Time (min) 1,620 1,620 1,620 1,620 1,620 1,620 1,620 1,620 1,620
Max Press. 1.20 1.55 2.25 0.85 1.15 1.35 0.50 0.65 0.73
(inches H,0)
/ \
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TABLE 3.11

INFLUENCE OF AIR INJECTION AT VENT WELL
ON MONITORING POINT OXYGEN LEVELS

SITE 44
NELLIS AFB, NEVADA
Distance
MP From VW (ft) Depth (ft) Inital 0,(%)  Final O, (%)”
A 10 24 0.0 18.3
B 20 24 0.5 3.9
C 35 24 0.8 15.5
A 10 32 0.0 20.2
B 20 32 0.5 19.4
C 35 32 1.0 3.1
A 10 39 —
B 20 39 0.5 19.9
C 35 39 0.5 0.9

o Reading taken after approximately 27 hours of injection using long-term blower system.
b . =unable to collect sample due to tight soil conditions.
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carbon dioxide, and helium were measured for a period of approximately 3 days following air
injection. The measured oxygen losses were then used to calculate biological oxygen
utilization rates. The results of in situ respiration testing for the MP intervals at this site are
presented in Figures 3.9 through 3.12. Additional respiration test results are included in
Appendix A. Table 3.12 provides a summary of the oxygen utilization rates.

Because helium is a conservative, inert gas, the change in helium concentrations over time
can be useful in determining the effectiveness of the bentonite seals between MP screened
intervals. Figures 3.9 through 3.12 compare oxygen utilization and helium retention. Because
the observed helium loss was negligible, and because helium will diffuse approximately three
times faster than oxygen due to oxygen’s greater molecular weight, the measuted oxygen loss
is the result of bacterial respiration and not due to faulty MP construction.

Oxygen loss occurred at moderate to rapid rates, ranging from 0.0050 percent per minute
at MPA-32 to 0.0221 percent per minute at MPB-39. At MPB-39, oxygen dropped from
18.3 percent to 7.3 percent in 600 minutes.

Based on these oxygen utilization rates, an estimated 470 to 6,200 milligrams (mg) of fuel
per kilogram (kg) of soil can be degraded each year at this site. This conservative estimate is
based on an average air-filled porosity of approximately 0.10 liter per kg of soil, and a ratio of
3.5 mg of oxygen consumed for every 1 mg of fuel biodegraded. If oxygen can be uniformly
distributed in these soils, excellent long-term remediation is predicted.

3.3.5 Potential Air Emissions

The long-term potential for air emissions from full-scale bioventing operations at this site is
low because of the air injection depth and the relatively impermeable asphalt and concrete
covering the surface of the site. Accumulated vapors will move slowly outward from the air
injection VW, and vapor-phase hydrocarbons will be biodegraded as they move horizontally
through the soil.

4.0 RECOMMENDATIONS
4.1 Site 27

Initial bioventing tests at this site indicate that oxygen has been depleted in the
contaminated soils, and that air injection is an effective method of increasing aerobic fuel
biodegradation. Although initial biodegradation rates at the site are relatively slow, AFCEE
has recommended that air injection continue at this site to determine the long-term radius of
oxygen influence and the effect of time, available nutrients, and changing temperatures on fuel
biodegradation rates.

A small, 1-horsepower regenerative blower has been installed at the site to continue air
injection at a rate of approximately 40 scfm. The electrical work was completed, and the
blower system was started on February 8, 1994. In August 1994, ES will return to the site to
sample and analyze the soil gas and conduct a repeat respiration test. In February 1995, a
final respiration test will be conducted, and soil and soil gas samples will be collected from the
site to determine the degree of remediation achieved during the first year of in sifu treatment.
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TABLE 3.12
OXYGEN UTILIZATION RATES
SITE 44
NELLIS AFB, NEVADA
0, Loss” Test” 0, Utilization”
Location (%) Duration Rate
(min) (%/min)

MPA-32 6.1 1,380 0.0050
MPB-39 11.0 600 0.0221
MPC-24 10.0 610 0.0204

vw 59 830 0.0082

@ Actual measured oxygen loss.

b/

/" Values based on best-fit lines (Figures 3.9 through 3.12).

022/722408/31.wwb
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Based on the results of the first year of pilot-scale bioventing, AFCEE will recommend one
of three options:

» Upgrade, if necessary, and continue operation of the bioventing system for full-scale
remediation of the site. AFCEE can assist the Base in obtaining regulatory approval
for upgrading and continued operation; or

» If final soil sampling indicates significant contaminant removal has occurred, AFCEE
may recommend additional sampling to confirm that cleanup criteria have been
achieved; or

» If significant difficulties or poor results are encountered during bioventing at this site,
AFCEE may recommend removal of the blower system and proper abandonment of the
VW and MPs.

4.2 Site 28

Initial bioventing tests at this site indicate that oxygen has been depleted in the
contaminated soils, and that air injection is an effective method of increasing aerobic fuel
biodegradation. AFCEE has recommended that air injection continue at this site to determine
the long-term radius of oxygen influence and the effect of time, available nutrients, and
changing temperatures on fuel biodegradation rates.

A small, 1-horsepower regenerative blower has been installed at the site to continue air
injection at a rate of approximately 52 scfm. The electrical work was completed, and the
blower system was started on February 8, 1994. In August 1994, ES will return to the site to
sample and analyze the soil gas and conduct a repeat respiration test. In February 1995, a
final respiration test will be conducted, and soil and soil gas samples will be collected from the
site to determine the degree of remediation achieved during the first year of in situ treatment.

Based on the results of the first year of pilot-scale bioventing, AFCEE will recommend one
of three options:

« Upgrade, if necessary, and continue operation of the bioventing system for full-scale
remediation of the site. AFCEE can assist the Base in obtaining regulatory approval
for upgrading and continued operation; or

« If final soil sampling indicates significant contaminant removal has occurred, AFCEE
may recommend additional sampling to confirm that cleanup criteria have been
achieved; or

« If significant difficulties or poor results are encountered during bioventing at this site,
AFCEE may recommend removal of the blower system and proper abandonment of the
VW and MPs.

4.3 Site 44

Initial bioventing tests at this site indicate that oxygen has been depleted in the
contaminated soils, and that air injection is an effective method of increasing aerobic fuel
biodegradation. AFCEE has recommended that air injection continue at this site to determine
the long-term radius of oxygen influence and the effect of time, available nutrients, and
changing temperatures on fuel biodegradation rates.
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APPENDIX A
GEOLOGIC BORING LOGS,
- CHAIN-OF-CUSTODY FORMS,
TEST DATA, AND CALCULATIONS
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Nellis AFB - Bioventing Pilot Study
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Nellis AFB - Bioventing Pilot Study
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Neliis AFB - Bioventing Pilot Study
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Nellis AFB - Bioventing Pilot Study
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Nellis AFB - Bioventing Pilot Study
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T and fine—grained, little gravel, loose T 455 ;
61 and dry. (ML) - ; /%
1 + VIV
1 MRZ27¢%
7 9749
+ A
T YWV
8+ -+
4 AN/ %97%
////
9 +Mr
T I87%%%
dry | POOF 1 densg non 10 7] 0-00'-0.89"  CLAY, SILT, SAND AND CALICHE GRAVEL, —f- 2/ / 2
T0.89 [50-51 ' light brown, some limestone cobbles. (GC) + /? ¢ ;
Rk i == TV
-+ ;/;/
4 4 i
12 4429
I i
13+ v
244%
1 + '
444Y
14—+~ -+
T 07577
dry siff | plos 15—+ Cuttings —  SILT AND CLAY, light brown. - 22;2
T | IR%%%%
16— +4 ;;/ g
I Iy
174 17'-22' CALICHE, Hard Drilling. T I
1 1V ;7
18- 4+
1 IR/ %79
%2949
+or
i 7745
DO~ - A4

EXPLANATION GROUT  [0507050] SAND

=" SCREEN
¥ WATER LEVEL

{//// /A HOLEPLUG

=== BENTONITE [__] CASING




LOCATION MAP

Nellis AFB - Bioventing Pilot Study

| PAGE2_oOF4

nLE”LALBER’ NE1 _MPA LOCATION ’ 35" SW of Tonk Farm Fence
. DATE P 1—14—94 |WEATHER P Glear, Calm
280 LOGGED B S Pegrson |gy ——° P EnvnroDr|II
1. N DRILLING>4 1/4" 1D Hollow stem SAMPLING g 0’ —65' 1.5" S/S
e METHOD Auger METHOD " 65-75' 2.0" S/
e ' CRAVES P> Colorado Siica #6-9 SEAL P :*/"l?pé‘:fmmte
” ” 55 65 HOLE
CASING P> TYPE 0.25 D PVC DIAMETER () 5”  LENGTH33" 511 g
SCREEN P> TYPE Sch 40 PVCSLOT 0.040”  DIAMETER 17 LENGTH 67 |J2pk 70°
gel o & |ue J A WELL
pElE |5 7 2 k23 & 25 g5 LITHOLOGY,/REMARKS COMPLETION
o8|g |8 | =323 &8 |38|g8
dry hord . hord 20 0.00'-0.71"  CALICHE, white to buff, massive. Ty
21_“0.71 1 2452
-+ ////
////
02—+ -
%%
I T
p3—- +
////
I T
04— -4 ////
%%
T 87747
dry dense} hord D5 —1— Cuttings —  CLAY AND SILT, light brown, little -+ fﬁ;?
+ caliche. (ML) T ;//2
5T TV
T ////
b7 M
/]
T -+ ////
4o
D9 AR7777
T IN%%%7%
dry M densp plas 30 0.00’'—1.02"  CLAY AND SILT, light brown, some caliche —1— 2;42
Toss nodules. (ML) + ?54/
dry v stifffv plos 31—+~ 1.02’=1.50"  CLAY, light yellowish brown, some silt, =1 /fj/
trace of very fine—grained sand. (CH) + 2;?2
T TUW
9449
53— -T- ////
1 82777
34— -4 ﬁf//
///;
. T . T ////
dry v sifffy plos 351 Cuttings —  Same as above. —+ 4/ é
T %477
P61 AN727%
I IN7%%7%
%499
7T T
I 1
T T
o1 TUW
1 jn77%%7
40—~ iRZ a9
EXPLANATION [SiSS<YGROUT ~ [BR0R0g0]SAND [_——= JSCREEN HOLEPLUG

E=——=BENTONTE[__JCASNG = ¥ WATER LEVEL




LOCATION MAP Neliis AFB - Bioventing Pilot Study PAGE 3_OF4
n/LEjht-BgR’ NE1 —MPA LOCATION ’ 35" SW of Tank Farm Fence
. DATE P 1—14—94  |WEATHER | {leor, Calm
w.>+\ LOCCED b S Pearson [py P EnviroDrill
ot iz DRILING), 41 /4" 1 jolow-ster| SAMPLING ), 0" =65 15 5/5
T . GRAVEL 3 Holepl
NET-MPRED \ PACK ’ Colorado Silica #6-9 SEAL ’ 174? pB:‘r?tonite
” 2" 55'. 65' HOTE r”
CASING P> TYPE 0.25" ID PVC DIAMETER (0 5"  LENGTH®" 0¥15n= g
SCREEN > TYPE Sch 40 PVCSLOT 0.040"  DIAMETER 1" LENGTH 6”  |pBrr 70
gelo | g o . [uf[ES WELL
aE|E |5 | &2 h8g £ 25 |Ez LITHOLOGY/REMARKS |ICOMPLETION
8|8 |8 | 2|32 [8Y 8|38 8¢
dry hard fx hard 40 371 0:00'~0.36"  CALICHE, white, massive. T v
domp v stifffv plos T 0.36'—-1.37"  CLAY, light yellowish brown, trace of + LY
36 1.53[39 4749
41— 49 silt and very fine—grained sond. (CH) =t /;5%
dry v stifflv plos 1.37°-1.53" MARL, light yellowish brown and white. (CH) 2;5?
42 1 T ;5/7
—— - ///
431 MRZ%77
4449
I Ly
41— +
1 T
domp PoorJn densp non 5 0.00'-1.08"  SAND, light yeliowish brown, fine—grained, —— /5//
18 27 f
99 ':1 0828 and very fine—~grained, subangular, T f /; %
1610812 little clay and silt. (ML) -+ ;2; 2
T TV
b7+ uNg777
1 4447
-t ///7
481 T f// %
4 + i/
97%
%%%%
“T T
T T A
50 58 0.00'—0.25" CAVINGS, sand as above. -t 2;?2
dy hard }x hard 6L Tioa[2] 025068  CLAY, fight brown, litte silt, partia R2%%%
5124 18 calcium carbonate cementation. (CH) -T- ; f/
Komp{ | soft Bl plos 0.68'-1.24" CLAY, light yellowish brown, little sit,  + [/ /gﬁ
moist . 52—+ trace of clay. (CL) -~ K¥44
53_:. Note: Clays appear to be wetter thon in _"_
1 NE1-W. Possibly water used to hydrate |
541 the holeplug in NE1-W hos saturated _| E5 =
1 the nearby clays. 1 E 8§
damp- soft bl plas 55 = 0.00'-1.22" CLAY, same as above. - -1 : i%//g
mast) | X I K] S [ f o LW
damp v stiff|v plos 56— 57 1.22'-1.51"  CLAY, light brown, some silt, partial -+ /;/
\ calcium carbonate cementation, little T / /%
57 amount of caliche nodules. (CH) -T- / ;%
I 1MW
P81 T / vY
T 1 W
59 —- —+ / %%
T 4 /5/
1 ARAZ%%
K0
EXPLANATION [+ 3STJJGROUT ~ [OZCGZOZOJSAND  [=__]SCREEN HOLEPLUG
EE=——=BENTONITE [_____] CASING ¥  WATER LEVEL




LOCATION MAP

mw-26C F
m&zk

NE1-Bec 0

NE1-wpe®

Nellis AFB - Bioventing Pilot Study

PAGE_4_OF 4

nlLEthB)ER> NE1 - MPA LOCATION > 35’ SW of Tank Farm Fence
DATE P 1—-14—-94 WEATHER P> %@Er. Calm

LOGGED B 3. Pearson

ODRILLED

BY

P EnviroDrill

DRILUNG e 7 < /2" 1o Hollow—stern
METHOD P> 4—1/4" 1D j0ocf

SAMPLING ’0' —-65' 1.5" S/S
METHOD 65'-75' 2.0° S/S

e + GRAVEL . Holeplu
NE1-uPRTa \ PACK » Colorado Silica #6-9 SEAL > 14 Ber?tonite )
) ” 55', 65’ HOLE ~»
CASING »WPE 0.25" ID PVC DIAMETER (0.5 LENGTH % 70" |DIA. 8
SCREEN P> TYPE Sch_40 PVCSLOT 0.040”  DIAMETER 1" LENGTH 6" 52};}',;70’
gelo o |6 luz|od . (uB[BE WELL
28| E |5 | £ 28 kBg) £ |95 |es LITHOLOGY/REMARKS COMPLETION
s§|3 |8 |2 (323 8|38 |68
moist saft bl plos 50 ) 0.00'-1.55"  CLAY, light yeliowish brown, trace of -+ // v
00| T151[35 sit. (CL) T / %
S N P T ///
- 1 / 9%
52— —-/ 9
631 1
+ Driller reports caliche. Hard Drilling. +
641~ T %000 94
moist soft Bl PIG" 2 5 37 0.00'-1.50" CLAY, same as above. - B et
&0l Ti50[20 1
g 66 25 1
671 T
68— 4
b9 —1—
damp stif | plos ———70 7] 0:00'~1.50"  CLAY, light yellowish brown, fittle silt
/gy’ 540 Ti50 25 and small caliche pebbles. (CL)
s | T [33
721
73—~ -1
74—~ -1
75— -1
76— 4
77— -
78+ -4
79 —— —
B0+ £
EXPLANATION [(v3Jw~ZJGROUT ~ [OQGROZ0ISAND  [==]SCREEN HOLEPLUG

=== BENTONITE

o ¥

WATER LEVEL




Nellis AFB - Bioventing Pilot Study

PAGE_L_OF 4

Numser P NE1—MPB

LOCATION ’ 35" SW of Tank Farm Fence

DATE P 1-14-94 WEATHER P> gg;r_gr, Calm
LOGGED .5 Pearson |gy - P> EnviroDrill

DRILLING _ ” Hollow—stem
METHOD P> 4—1/4" 1D yiger

SAMPLING O —65 1.5 S/S
METHOD 55'-75 2.0° S/S

GRAVEL

PACK > Colorado Silica #6-9

Holeplug
SEAL ’ 1/4" Bentonite

CASING B> TYPE 0.25” ID PVC DWMETER () 5  LENGTHSS: 85THOLE o
SCREEN P> TYPE Sch 40 PvCSLOT 0.040”  DIAMETER 1" LENGTH 6~ B_‘E’,T,‘.}hm’

Belg & E(B% WELL
5E|E |5 % mgn,%él E |d8les LITHOLOGY,/REMARKS |coMPLETION
93|58 |& | 2|32 [8Y & 38|28 —

o1+ 29 I

i + ik

21 A /

i 1O

%%%%

- 1 /é/é

AT "'"; //

4 1 %;/4

%%

S5+ 1 ///4

T + 4///

10

T %%%%

4 ///;

7T -t ;///

T 4%%%

T i/

%7%

%%%%

al T

9—- + i

9299

1 + A

. 5229

dry | poor § densé non 10 5] 0-00'=1.05"  CLAY, SILT AND SAND, light brown, -+ ;;54

Tios 77 some caliche gravel. (SC) + 4 7 ;

U |som2s — 7’4/¢

T /]

T MR/%79

"1 17277

9247

T

Il 185547

T T

151 Cuttings —  SILT AND CLAY, light brown. S 55%

1 T

T 4+ v

0 4749

T + 'V

YV

171 - ///

%92%

T 1T W

184 27%%

T

1 IR%%%%

19—~ T

T 2247

R0~ 1 2

EXPLANATION [v3ev3]] GROUT [C5°R0550] SAND [ =—_]SCREEN HOLEPLUG

E====5 BENTONITE

—C R 2

WATER LEVEL




LOCATION MAP Nellis AFB - Bioventing Pilot Study PAGE_2_OF 4

n/LEjhlégRb NE] —MPB LOCATION > 35" SW of Tank Farm Fence
DATE P 1—-14—-94 WEATHER P> gisganr, Calm

R ; -
LOGCED S, Pearson |gy - P> EnviroDrill

ww-26C %
%, = : —
: DRILLING " 1p Hollow—stem[SAMPLING 0" —65' 1.5° 5/5
ver-toc METHOD B> 4= 1/4" 1D A5l GevioD P es 7 o S
NE1-MPB
m—uﬁf—w *\ giéXEL ’ Colorado Silica #6-9 SEAL p l;l/o‘l? p;:‘r?tonite
CASING B> TYPE 0.25” 1D PVC DAMETER (.5  LENGTHOY S1p0E 8"
SCREEN > TYPE Sch_40 PVCSLOT 0.040"  DIAMETER 1" LENGTH 6" E_%T#WO’_
¥e| o E e £|8¢ WELL
BE|E |5 | & 28 hEs £ (25 (23 LITHOLOGY,/REMARKS ICOMPLETION
8|3 |8 |2 |32 [8% 8|38 |5
20 0.00'-0.33"  Cavings. T ovF
dy hard fx hard T1.06 27 0.33'~1.06'  CALICHE, white to light brown, + 452;
211 massive. %27 Y
= | Lo
-t -+ ///
2%
P34 —4 ; ;
4 + VIV
9449
D4 —— %229
I T
PS5+ Cuttings —  CLAY AND SILT, fight brown, =e7%%%
4 little caliche gravel. T 4/52
5T T
49%%
D71~ T
4449
-+ -+ /¢;¢
P81~ -+
1 INZ%%%
%%%%
P9 —- anZ%%7
1 : 4 f/jé
dry m stiff non 30 7 0.00'-0.80"  CLAY AND SILT, light yellowish brown, -T- 2;;?
Toso[7 some very fine—grained sand. (SC) T %jf%
- /;/4
521~ +
4449
T IR%7%%%
33— -T- %//4
I Loy
2449
34—"' T 44/4
T T v
dy m stiff plas 351 Cuttings —  CLAY, light yeliowish brown, trace -1 %55;
T of caliche pebbles and very fine— T f ;f
361 grained sand. -T- ;f;?
T T
T
T i7%%%
38 4 —_ ///
4%%%
T T
39— amz%%%
%%
I T Y
10— - KA
EXPLANATION [f+37e«IJGROUT  [0Z0Z0R0JSAND  [==__]SCREEN HOLEPLUG

E====3BENTONITE [____] CASING ¥  WATER LEVEL




Nelie AFB - Bioventing Pilot Study | PAGE 3 oF4
‘[XEH-BE_ﬁRb NE1 - MPB LOCATION > 35" SW of Tank Farm Fence
DATE P 1—-14—94 WEATHER P gg?g'» Calm
RILLED : B
LOGCED b5 Pearson [gy -~ P> EnviroDrill
DRILLING _ ” Hollow—stem| SAMPLING p 0’ -65' 1.5" S/S
METHOD P> 4—1/4" 1D yiger METHOD P 6575 20 S/
Y- P Colorado Siica #6-9 SEAL P> :’;lf pé‘;?tonite
CASING ” DIAMETER () 5”  LENGTHS5S" 65{HOLE o
B e 0.25" ID PVC 0.5 & 70" |DIA. 8
SCREEN P> TYPE Sch 40 PvCSLOT 0.040"  DIAMETER 1” LENGTH 6" |peprh 70’
el o & J A WELL
=2 € | g 28 .8q £ |88 g2 LITHOLOGY /REMARKS COMPLETION
e8|g |8 | =328 8|38 |88
dry n slifi plas 40 777 0.00'=0.76"  CLAY, light yellowish brown, trace - 11
8 TozslT7 of silt and very fine—grained - /] %?
11" Hp sand. (CL) -1 2%
WZ147
2 T 87177
i 1%1%7
i
- - / /
i
T 871%%
dry m stiff! plos 5 70| 0-00'-0-65"  CLAY AND SLT, fight yellowish brown,  — UHFE
100 Tiss 35 somve very fine—grained sand. (ML) - % %
dry | poor {dense| non 46—+ 0.65'~1.55"  SAND, light yellowish brown, very fine- = [}/
35 . . ) )
T+ and fine—grained sand, little clay and % %;
N7 1 silt, appearent hydrocarbon staining. (SC) —2 % ;
T TN
10
!
g Ni177
%149
T 071%7
| . : : - A
damp | PaOr iy denss! pla 50 ) 0.00'-0.53" SAND, same as above.
damp stiff | plas 460 52 (76 0.53'-0.91"  CLAY, light yellowish brown, some T
51— 57 silt and very fine—grained sand. (CL) —
moist soft i plos 0.91'=1.16"  CLAY, light yellowish brown, trace of -
521~ silt and very fine—grained sand. (CL) —
dry n stiff plos T+ 1.16'=1.52"  CLAY, light yellowish brown, some -+
B3~ silt and very fine—grained sand, little  —1—
T amount of caliche pebbles. (CL) -
54— - R ?
domp m stiff plos .JS 3 0.00'-0.87"  CLAY, light yeliowish brown, some - gi zgg gé
T silt, little amount of caliche pebbles. (CL) + °/°° 7 v
damp m stiff plos m 56—-1'42 190 0.87'=1.42" CLAY, light yellowish brown, little - % % ?
/ silt and no caliche. (CL) - / % f
57— %%
I i
655 TN
I 177
b9 —— - %4/
T RZ%%
60—+ — =
EXPLANATION Fe335vJGROUT  [R0R030]SAND [ JSCREEN HOLEPLUG

¥  WATER LEVEL

EE=—=S BENTONITE [__]J CASING




LOCATION MAP

Nellis AFB - Bioventing Pilot Study

PAGE_4_OF 4

WELL

Numeer P NE1—-MPB

LOCATION > 35" SW of Tank Farm Fence

Clear, Calm
. DATE P> 1—14—94 :’,fﬂ;'ﬁ“ P Cleo
ww-26C % ECY)GGED ’S Pearson BY ’ EnviroDrill
DRILLING _ " Hollow—stem| SAMPLING o O° —65' 1.5' S/5
b METHOD P> 4—1/4" D jjoer METHOD P> 6575 20 513
£1-upi® + GRAVEL . Holeplug
Ne1-uPlTa \ PACK ’ Colorado Silica #6-9 SEAL ’ 1/4 Bentonite _
” ) 55', 65’ HOLE ~»
CASING B TYPE 0.25" ID PVC DIAMETER () 5"  LENGTH ) *15, 8
SCREEN P> TYPE Sch 40 PvCSLOT 0.040”  DIAMETER 1" LENGTH 6" fn‘g};%h 70’
el o & 33 WELL
B E |5 E S HE] LITHOLOGY/REMARKS |COMPLETION
8|5 |8 | = 322 8 3880
domp v stifflv plas 60 5 0.00'-1.05" CLAY, as above. Caliche zones at -+
T, 0.1" and 0.5° (CH) T+
domp v stifffv plos 3 61—-153 502=83,, 1.05'~1.53" CLAY, light yellowish brown, some silt -1
and very fine—grained sand, little T
621 amount of caliche pebbles. (CH) -T-
63— 4
b4-1- T Bt
5 5 ~— 0.00'-1.00"  Cavings. -+ §§§§§ fgo
damp| POOT ¢ densg non & beool . Tiso = 1:00°=1.50"  CLAY, SILT AND SAND, pale brown to T Eelagea
g 656 -1 — light yellowish brown, very fine—grained, -1
= hydrocarbon odor. (ML) +
671 T
68—+ -
dry | POOT ¥ densg non 9 17 0.00'-1.00"  Cavings. T [sseegesey
NA 70:100 503 1 §§§E§°§§§
dry hord f hord—— T75] 0-00'=1.50"  CLAY, light yellowish brown, little silt e
g 6600 71_750 195 and very fine-grained sand, very hard, ~T~
; T M2 large caliche cobbles are present. (CH) T
= 72 4
73~ -+
74— -
751 T
76—~ 4
77—+ -+
78 1 —+
79— 1
B0—— 4

EXPLANATION Fe¥sv33 GROUT

[C595050] SAND

E====JBENTONTE[_]JCASING

C==""1SCREEN
¥  WATER LEVEL

(/A HOLEPLUG




LOCATION MAP

Nellis AFB - Bioventing Piot Study

PAGE_L_OF 4

50=3.5"

caliche gravel. (ML)

|

I
N N N N N N N N N O N N N N N N N N N O N NN N NN NN N NN NNNNY
NOUOUOSUOOUNNNANNNNANANNANNNAN NN NN NN NN ANANNNNN NN NN NNNNNNNNNNNNNNNNNNNNNNNNN\N\Jeeooooocd

m%b"ggg’ NE1—MPC  |LOCATION B> 20 ww ome1-wps
DATE P 1-15-94 vozsﬂzia P {leor, Colm
ECCED S Pearson |gy P EnviroDrill
" - 0 —65 15 S/S
a_ié!ll'-l-%é)NDG’d'—T/‘} Ip Hollow—stem SAMPLING> 65" /
GRAVEL N Holepl
PACK P Colorado Silica #6-9 SEAL p> 1/0; pB::r?tonite
) ) 55', 65’ HOLE ~»
CASING P TYPE 0.25" ID PVC DIAMETER () 5”  LENGTH DIA. 8
SCREEN B> TYPE Sch 40 PVCSLOT 0.040"  DIAMETER 1" LENGTH 67  |D2F55 70’
wel o AR WELL
BEE |5 g 83l £ |25 g% LITHOLOGY,/REMARKS COMPLETION
(<]} fry =1 = |z
30|83 |8 Z|x x|y
o FLU H. q‘UNT
= 1 leskefeces
0.00'—0.64" CLAY, SILT AND SAND, pale brown, some =1

NS S O eSS aSaOeSSaSSSSOOSaSSSSsSNSNS
OO ORI NN NN N NN N NN NN NN NN N NN N NN N NN NN NN NN NN NNV

EXPLANATION [vS75<IGROUT  [OROR0R0)SAND  [= _]SCREEN

(/4 HOLEPLUG

WATER LEVEL

=== BENTONITE [__] CASING




LOCATION MAP

Neliis AFB - Bioventing Pilot Study

| PAGE_2_oF4

Woier P NET—MPC

LOCATION P> 20 nw ofnE1-MPB

DATE Pp1-15—-94

WEATHER p Clear, Calm

OGGED
ECCEC S,

Pearson |gy — P> EnviroDrill

DRILLING » 10 Hollow—stem] SAMPLING p 0" —65' 1.5 S/S
Nm'?ma* MeTHOD P> 4—1/4" 1D jodr ™™ MeThop P65 20 s/ /
NE1-MP| " Holepl
"E""Pﬁ,‘_w \ gzéxﬂ' P> Colorado Silica #6-9 SEAL P 174? pBlejr?tonite )
» ” 55’, 65’ HOLE ~»
CASING P TYPE 0.25” ID PVC DIAMETER () 5 LENGTH ? " " lbia. 8
SCREEN P> TYPE Sch 40 PVCSLOT 0.040”  DIAMETER 1” LENGTH 6" |pepth 70’
W o |88 WELL
el E |5 g 28 pfs |28 E2 LITHOLOGY /REMARKS COMPLETION
o8lg |8 |2 |32 8 |38
dry hord K hard 20 I — No Recovery— CALICHE, white to pale brown, massive. --:- 7 9 7 é
NR AR% %79
i
T U
%949
P2 T
T TN
D34 + i1
%9%%
4 T //5/
P41 el 24
i 275
dry stiff v plos 05—~ Cuttings —  CLAY, pale brown, some silt and -1 425/
T very fine—grained sand. T %/??
1
- -4 ;/;é
071 W 49
T T YV
D8 - e aZ%%7
7927
4 T
09— T 2252
4 T YAV
dry M stiff plos 30 3 0.00'—0.40"  CLAY, SILT AND CALICHE, pale brown. -+ 2;52
dry I stiffs! plos -~1 5018 0.40'=1.50"  CLAY, light yellowish brown, some silt, + //57
3114 54 trace of very fine~grained sand, some -1 ;;f /]
caliche pebbles. T ;/ /¢
1y
! Ty
33— + I
“%9%%
4 4 //5/
2479
I Y
. L)
35 ;%;%
4 + VIV
T Iy
56 %27%
il + v
%949
71 T
1 187447
35 Mg/
AN
I T
391 N/ 9779
975
1 22442
101 s

EXPLANATION [¥3<+33) GROUT SAND

[C==""]SCREEN
Y  WATER LEVEL

(/L LA HOLEPLUG

EE====] BENTONITE [___] CASING




NE1-

ne1-mre® +
NE1-MPAY 4

7

LOCATION MAP

EVI—OW \

NE1-W

Nellis AFB - Bioventing Pilot Study

PAGE_3_OF 4

WELL

NUMB;R» NE1-MPC LOCATION B> 20+ ww ofNe1-wPB

DATE

D 1—15-94 |WEATHER p Clear, Calm

LOGGED B S Peqrson |o™? P> EnviroDrill

PA%!I"-I!I-BNDG’ 4_1/4" 1D Hollow—stem| SAMPLING

Auger METHOD

0 -65 1.5 S/5
65 2.0° S/S

GRAVEL
PACK

P Colorado Silica #6-9 SEAL P

Holeplug
1/4" Bentonite

CASING P> TYPE 0.25"

ID PVC

DIAMETER () 5"  LENGTH®" 55100~ 8

HOLE

SCREEN P> TYPE Sch 40 PVC SLOT 0.040" DIAMETER 1" LENGTH &

TOTAL =
pepth /0

MOISTURE
CONTENT

SORTING
NS

:

3

Q.

NUMBER

M
SAMPLE
RECOVERY

SAMPLE

PENETRATION|
RESISTANCE

LITHOLOGY/REMARKS

WELL
COMPLETION|

[=%
-3

domp
domp

domp
damp-
moist

domp
dry

m stiff

poor i denss! plas|

poor y densp! plas
 sfiffst plos

v stiff
v stiff

b hord

5| plas

R

4]
(=)
]
“

plas

16

25

30

plas

=hon

50

50=3]

0.00'-1.13

0.00'-0.88" CALICHE, CLAY AND SILT, pale brown to
white, caliche is pebble to cobble—

sized.

very fine—-grained, some silt.

1.13'—1.48" SAND, light yellowish brown, fine—
and very fine~grained, subrounded,

some clay and silt.

0.00'—0.86" SAND, as above.
0.86'—1.53" CLAY, light yellowish brown, trace
of silt and very fien—grained sand.

0.00'—0.39"  CLAY, as above, hydrocarbon odor.
0.39'—1.51"  CLAY, SILT AND SAND, pale brown,

fine—grained.

CLAY AND SAND, light yellowish brown,
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EXPLANATION [e3~<<33 GROUT
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LOCATION MAP Nellis AFB - Bioventing Pilot Study | PacE 4 oF4
m%h%mb NE1—MPC  [LOCATION P> 50 wy ofne1-wps
DATE P 1-15-94 ]v)vg\mgk > g’s?gf' Calm
LOGGED B S Pearson |py° P> EnviroDrill
A DRILLING _ ” Hollow stem] SAMPLING o, 0' —65' 1.5° S/5
- METHOD P> 4= 1/4" 1D Aiger METHOD_ P85 20" S/5
NE1-WPE o GRAVEL B Holepiu
NEV-MPe® o *\ PACK PP Colorado Silica #6-9 SEAL P> 14 pBer?tonite
” ” HOLE ”
CASING P TYPE 0.25" ID PVC DIAMETER () 5”  LENGTH®>" 85150~ 8
SCREEN B> TYPE Sch 40 PVC SLOT 0.040"  DIAMETER 1" LENGTH 6" [pemrhi 70’
gl o wt | o] _ |uB|ES WELL
2BlE |5 |5 |28 o83 E 35 (g2 LITHOLOGY/REMARKS |COMPLETION
2818 |8 | =328 8|38 |88
60 12 0.00'-0.53" Cavings. -+
domp v stifff plas 55001 T1.51 feocst 0.53'=1.51"  CLAY, light yellowish brown, trace +
611 — of silt and very fine-grained sand, -T-
little omount of caliche pebbles. T
62—+ 4
63—-_ —4-
64—
dry hard |x hor 3 5 770 0.00'—1.50"  CLAY AND CALICHE, light yellowish
& + brown, trace of silt.
,f 760 66_150 35 4
P —
67 ~T" —
£8—— 4
69—+
dry hard K hard 70 e 0.00'-0.69'  CLAY, pale brown, some silt and 000380008
+ — ' fine—grained sand. Se8o8e2efs
740 14069 = 4
721 -+
73— -1
74 ¥ Overdrill to 74'. Encounter groundwater at 74'. -4—
751 T
76— T
. 4 4
774 -+
78—+ -4
79— -
B0+ -
EXPLANATION [fv3s<TJGROUT  [CZ0Z0-CISAND [ == ]SCREEN HOLEPLUG

E====IBENTONITE[_____ ] CASING

¥  WATER LEVEL




LOCATION MAP

Nellis AFB — Bioventing Pilot Study

PAGE_L OF 3

AGE Servicing fslond m%blégRb NE2-VW LOCATION P> 5 sy of Brick wal
NE2-MPC DATE P> 1—16/17—Q4WEATHER P> £ Cleor, Calm
NEi—,EfPa\?x LOGGED P S. Pearson DR'LLED P EnvuroDrlll

PN (DRTING T ToTov ST SAMPING 0 =75 15 575
N % NG, |METHOD P>6-5/8" ID Ajoer METHGD P 1543 20" S/
MW= \J |GRAVEL . ,
PACK > Colorado Silica #6-9 43-15.5 SEAL » 1/4 Bentonite 15.5'-2
” HOLE

CASING P TYPE Schedule 40 PVC DIAMETER 4 LENGTH 18’ g 117

SCREEN > TYPE Sch_40 PVCSLOT 0.040”  DIAMETER 4’ LENGTH 25’ Eg;';h 43

Welo . E|8¢ WELL

22| € |5 g S LITHOLOGY,/REMARKS |COMPLETION

o8| |8 |2 |32/8Y 8 |38|g8
1
O——
‘]_— —t
o4 +
S -~
4_-—.—- ——
damp| POr | loose | non 5 5 0.00'—0.54" SILT AND SAND, pale brown, fine—grained, =
4715 little clay. (ML) T
damp | poor y sliffl plos 61 5 0.54'~1.47"  CLAY AND SILT, pale brown, little —+
fine-grained sand. (CL) +
7—- ——
8_... ——
gl 4
dompt v sifff plos 10 577] 0-00'=0.95"  CLAY AND SILT, os above. .
dry hard f hard . —1 0.95'—1.45" CALICHE, white to pale brown, massive.
. 1.45 [50=S 1
12 -
13—+ —+
14— .
damp stiff | plas 15 50 0.00’-0.64" CLAY, light yellowish brown, some -+
310 10,93 [5o-H silt and caliche nodules, hydrocarbon— T
161 [— filled fractures. (CL) -1
domp stiff | plas 0.64'-0.93  Clay, black—gray, stained with hydrocarbon,+
171 some silt and caliche nodules. (CL) -T
T Massive caliche in sampler shoe. T
181 i
19—+ T
DO &
EXPLANATION [fv3 9~ TJGROUT  [6Z07070]SAND [ _==__]SCREEN HOLEPLUG
E=——=BENTONTE[__JCASING ¥  WATER LEVEL




LOCATION MAP Nellis AFB — Bioventing Pilot Study | PAGE_2_OF3
AGE Servicing sland Wokeer P> NE2—VW LOCATION B> 5. sy of rick wal
NE2-MPC. DATE P> 1—16/17—9Q4WEATHER - (leor, Calm
"Ei%ffﬁfim b?GGED P S. Pearson g$ILLED P EnviroDrill
Ne2w  [DRILLING . = _c /" Hollow—stem| SAMPLING o 0" —15° 1.5° 5/5
% N, |METHOD P>6-5/8" ID pger METHOD P 15-45' 207 S/s
e N [GRAVEL P> Colorado Silica #6-9 43-15.5] SEAL P>
PACK olorado Silica #8-9 43-15. 1/4" Bentonite 15.5'-2'
” ’ HOLE ”
CASING B> TYPE Schedule 40 PVC DIAMETER 4 LENGTH 18" loia. 11
SCREEN P> TYPE Sch 40 PVCSLOT 0.040"  DIAMETER 4” LENGTH 25" |18 43"
el o x El88 WELL
2E|E |5 g 24 i3l £ |28 ;s LITHOLOGY,/REMARKS COMPLETION
°8|g (8|2 323 8 |3¥ |58
dry hord  hard = 20 70 0.00'—1.50"  CLAY AND CALICHE, light yellowish brown, —f=
£ 35 Ti 50 loos some silt, hard drilling. (CH) T+ [ —
g | PT = THZ
P2~ LR
p3 L 4B —
D4—- Tk —
dry 25 v No Recovery—Hard Drilling. Collected headspace i —
NA/600 T — sample from cuttings. T —_
D6 T
P71 + & —
D8~ - —
P9+ 13—
dampf v il plost—si—30 55 0:00'=1.50"  GLAY, pole brown, fitte sitt and —+ 18—
~dy { 1900 Tiso [29 very fine—grained sand, trace of T 184 —
a‘;){ 531 == ooy caliche. (CH) -+
321 T
334~ 33'-35' Hard Drilling. e .
341 ~+ 8
dry v stiff|v plos 3 35 56 0.00°—-1.50"  CLAY, pale brown, some silt, trace 4
& T Y of very fine—grained sand, moist zone T 3
B 361 — at 1. (CH) T I —
57 <+ e —
38— I
39— 8
T 40’ Center plug is covered with hydrocarbon— T [8 —
10— stained soil. -+ —
EXPLANATION [+303<TJGROUT ~ [OSOZOZOJSAND  [==__]SCREEN HOLEPLUG

¥ WATER LEVEL

E===] BENTONTE [___] CASING




LOCATION MAP Nellis AFB — Bioventing Pilot Study | PAGE.3_oF3
AGE Servicing lstand rlJSb'iBER> NEZ2—-VW LOCATION P> 5 sy of Brick wal
Nez-ure. DATE P> 1—16/17—OQ4WEATHER P (lear, Caim
NE2 MPBBi LOGGED ’S Pearson gYR""LED ’ EnviroDrill

Auger

MW-5 GRAVEL

PACK _ PP Colorado Silica #6-9 43-15.5|SEAL P

NEZ-MP
ez DRTTG —— Follow~STer] SAMPLING ), 0" —15" 15 575
\} METHOD B> 6-5/8" 1D METHOD P> 15-45' 20 575 |

1/4" Bentonite 15.5'-2"

CASING P> TYPE Schedule 40 PVC

HOLE

DIAMETER 4” LENGTH 18’ g 11"

SCREEN P> TYPE Sch 40 PVC SLOT 0.040"

TOTAL

DIAMETER 4" LENGTH 25’ |peEpTH

43’

E A
AHE 1 HE

[=] Q.

NUMBER

PENETRATIO!
RESISTANCI

MOISTURE
NTE|

SORTING
NS

LITHOLOGY/REMARKS

WELL
{COMPLETION|

domp- I stiffis! plos S 40 5 0.00'-1.30’
7

’§, 41 -'
o il
dry hard |k hard= 1.30'=1.50"

B0~

. CALICHE, dark gray, massive,

45— Drill to 45’

CLAY, dark gray, trace of silt
and very fine—groined sand, hydrocarbon
staining. (CL)

hydrocarbon stained.

Encounter groundwater -T-

at 44’ below grade. Plug boring with T

1/4" bentonite pellets to 43", -T-

REREERE

EE====] BENTONITE [____"] CASING

EXPLANATION [T]evTGROUT  [O90R0R0ISAND [ = ]SCREEN
¥ WATER LEVEL

(/A HOLEPLUG




LOCATION MAP

AGE Servicing Islond

NE2-MPC

NE2-MPB X

MW-

Nellis AFB — Bioventing Pilot Study | PAGE_L OF2

Wokeer P> NE2—MPA

LOCATION P> 10 nw of NE2-WW

DATE P 1-17—-94

WEATHER » Cleor, Calm

LOGGED ’ S.

Pearson

DR'LLED > EnwroDrnII

Auger

1/4" 1D Hollow stem aAMPLING»O —40" 1.5" S/S

NEZ2-MPA =4
Yoo [DRIING
\Zs \v METHOD P> 4

GRAVEL

PACK ’ Colorado Silica #6-9

SEAL > 1/4° Bentonite

CASING P> TYPE 0.25” ID

PVC

DIAMETER

HOLE

0.5” LENGTH 2 2 |hu—=8"

SCREEN P> TYPE Sch 40 PVC SLOT 0.040"

DIAMETER

1" LENGTH 6~ I_T,%,T,#h 40’

E

1l

(PPM)
PTH

MOISTURE
CONTENT

SORTING
NUMBER

DENSITY

n.
313
o

RECOVERY
|PENETRA
RESISTANC

LITHOLOGY/REMARKS [COMPLETION!

WELL

FLU

domp n sfiff plos 5+

domp soft Bl plos 15

0| . [101[ 4

D01

Cuttings —

0.00’-1.01’

silt and fine—g

hydrocarbon odor. (CL) -+

CLAY, pale brown, some silt. (CL) -1

CLAY, light yellowish brown, some -T-

rained sand, slight T

EXPLANATION GROUT
[E====3 BENTONITE

SAND
[C——__JCASING

[C=="1scREeEN

¥  WATER LEVEL

./ /A4 HOLEPLUG




LOCATION MAP

AGE Servicing islond

NE2-MPC
X

NE2-MPB &

NEZ-\M>ﬁAN
@

MW-5

Nellis AFB — Bioventing Pilot Study | PAGE_2_OF2

P> Colorado Silica #6-9

:IVLEJH-BER> NE2-MPA LOCATION ’ 10° NW of NE2-W

DATE P 1—-17-94 WEATHER P> %@Sr. Calm

LOGGED B 5 Pegrson |pir? P EnviroDrill
a_E%BNDG} 4—1/4 D yolow-stem[SAMPLING ), 0 47" 15" S5
GRAVEL METHOD — 24.32° 2.0° /5

SEAL ’ 1/4" Bentonite

PACK
” ” HOLE ”
CASING P TYPE 0.25” ID PVC DIAMETER () 5 LENGTH DIA. S
SCREEN P> TYPE Sch 40 PVCSLOT 0.040”  DIAMETER 1" LENGTH 6" |ppth 40’
¥l o AW 8¢ WELL
BElE |5 g 28 bisl £ 3¢ |Es LITHOLOGY/REMARKS COMPLETION
o8lg |5 | 2|32 8 [38|50
dry | POOT dense| non 20 oo 0-00'=0.78"  CLAY, SILT AND SAND, pale brown, very —1~
880 "D 78 : fine—grained, extremely dry and brittle, +
211 — probably hit caliche at 20.5', clay is -T-
preferentially cemented. (ML) T
02— -+
D34 +
D4 —+ [ElE
dry stit k hord———5 777 0-00'=1.50"  CLAY, light yellowish brown, some -+
& - silt, partially cemented with CaCO,, T
Q’% 1600 26_1.50 50-_5.5' britte, (CH) 1
P71 -
08— -+
09 ~1- —+-
30 351 0:00-0.45"  Cavings. -+
dry | poor ly stiffl non o100l T1.1 Boor 0.45'-1.11"  CLAY, SILT AND SAND, pale brown, -+
31— — partially cemented, brittle. (ML) -1
dry | poor ly stiff| non p 775 0.00'~1.00" Same as above. T =
& bsoo P2 : 1 (B
g,f 25001 11.00 100-1 Refusal at 32.5' — Caliche expected. 4 [zoe2s2cped
33 -+
34— -+
35 54 0.00'-0.13" Cavings. -1
dry v stifflv plos 1200]. 150 Foze 0.13'=1.50"  CLAY, pale brown, some silt, (CH) T
361 = T
37 14— .
38 1 —+-
moist stiff | plas 0.00'-1.24"  CLAY, light yellowish brown, little
59—+ silt and very fine-grained sand, small
T caliche lenses at 0.46°, stained gray
0 with hydrocarbons, slight odor. (CL)
EXPLANATION [fe37vvTJGROUT ~ [0H0R0R0|SAND [ ==__]SCREEN HOLEPLUG

E==== BENTONTE_] CASING

¥ WATER LEVEL




LOCATION MAP Nellis AFB — Bioventing Pilot Study | PAGE_L OF2
AGE Servicing lslond Nomaer P> NE2—MPB  |LOCATION B> 15 yw of ne2-upa
NE2-MPC DATE ’ 1—-17—94 WEATHER ’ Clecr, Calm
X
NEz B N LOGSED B S Pearson gy P EnwroDrlH
) ANe2ovw DRILLING ” Hollow stem SAMPLING g 0" -40° 1.5 S/5 |
\;4» \ METHOD P> 4—1/4" 1D jicer METHOD W 243> 26 S/
MW-5 N |GRAVEL N . :
PACK » Colorado Silica #6~9 SEAL } 1/4" Bentonite
casiNG B> TvPE 0.25" 1D PVC DAVETER (5"  LENGTH 2.7 [0 8"
SCREEN P> TYPE Sch 40 PvCSLOT 0.040”  DIAMETER 17 LENGTH 67 [potAL 40
ge|o | gsﬁ 2 H%Eg L
EE E 7] g9 23 E |& EB LlTHOLOGY/ REMARKS [COMPLETION!
855 |& |2 |32[3% & |38|8d
=21= = FLU q UNT
O—— -
1+ - i
ol -1
31 4
4—_ e
domp n siff plas S5+ Cuttings —  CLAY, pale brown, some silt. (CL) -+
E—— -1
7—— ——
8_..._ .
g1 —
101 - -
111 -T-
121 -1
13—+ -1+
14—+ -+
dry tiff | plas 15 7 0.00'—0.61"  CLAY, light yellowish brown, some —+
58 Tiso 5 silt and very fine—grained sand. (CL) +
damp m stiff plas 161 5 0.61'-1.50" CLAY AND SILT, dark gray, hydrocarbon ==
staining and odor, some very fine—grained T
171+ sand, some iron staining. (ML) -1
181 -+
19—+ Stained cuttings to 19’ T
D01 -

EXPLANATION Ee=~s33 GROUT
EE=——=] BENTONITE

[0205559) SAND
[C___]CASING

==""]SCREEN

¥  WATER LEVEL

./ /// /A HOLEPLUG




LOCATION MAP

AGE Servicing Istand

Nellis AFB — Bioventing Pilot Study | PAGE_2_OF2

wﬁbl'ai:R> NE2—~MPB  |LOCATION B> 15 wy of NE2-wPA

DATE P 1—17—94  |WEATHER | Glear. Calm

NEZ-MPC
“‘i;”af‘ LOGGED »S. Pearson |gy - P EnviroDrill
NE2 VW DRILLING " Hollow—stem] SAMPLING o 0° —40' 1.5 S/5
\a \ IMETHOD P 4-1/4" 1D pjoer _ e METHOD >25',;’;2’ 2.0" SZ/S
' gzél\ém. P Colorado Silica #6-9 SEAL ’ 1/4" Bentonite
cASNG B TYPE 0.25" 1D PVC DAMETER (5" LENSTH  [gag"
SCREEN P> TYPE Sch 40 PVCSLOT 0.040”  DIAMETER 1" LENGTH 6" |§213540’
A & & WELL
BE|E |§ E sEpis £ a5 gg LITHOLOGY/REMARKS ICOMPLETION
8|g |8 |2 [32[8Y 838|880
0 e 0.00'—~0.33"' Cavings. -
dry | Poor |y stiff| non siol . Togr[ = 0.33'—0.87"  CLAY, SILT AND SAND, pale brown, very -
211 — fine—grained, dry and brittle, caliche -T-
is expected below. (ML) T
D2 1 i
b3 1
T Hydrocarbon—stained cuttings at 24’
dry stiff | plas = D4 3 0.00'—1.50"  CLAY, pale brown, some silt, partially
#g 200 25--_1'50 10 cemented, hydrocarbon staining. (CL) 1
& 26 4
D61 4
D71 -
P8 —1- -+
D9 —— 4
30T 4
- 5] 0-00'=0.50"  Cavings. T
dry hard x hrd ,g"’/ 240 31——150 500 0.50'—1.50"  CLAY, SILT AND SAND, pale brown, very =
QI T — fine-grained, well cemented. (ML) T Ekled
52 T e
331 —+ =
34— -4
domp stiff | plas 35 55 0.00'—1.50"  CLAY, light yellowish brown, some -+
1900 Ti 50 booes si.lt. definite verticol. frocturing T
36 -T- — with hydrocarbon staining (see photo). (CL) —T~
37 - —+
38 1 4
moist stiff | plas 0 0.00'-0.88" CLAY, light yellowish brown, little
4600 39'-—1' 509 silt and very fine—grained sand. (CL)
moist stiff | plas T 13 0.98'—1.50" CALICHE AND INTERBEDDED CLAY, caliche
0 is white and clay is stained black. (CL)

EXPLANATION [eyse3 GROUT

SAND
EE====] BENTONTE [_] CASING

[C=_SCREEN (777772 HOLEPLUG
¥  WATER LEVEL




LOCATION MAP Nellis AFB — Bioventing Pilot Study | PAGE_L OF.2
AGE Servicing (sland Wokper > NE2—MPC  [LOCATION B> 15wy of nez-ue
NEZ-MPC DATE ’ 1—18—94 WEATHER ’ Cleor, Calm
NEZN—EMP?‘E{ LOGGED B S~ pegrson |pe? P EnvaroDrnII
NE2VW DRILLING ” Hollow stem SAMPLING g 2' x 1.5 S/S
\& \ METHOD P> 4—1/4" 1D cer METHOD P
gESxEL P Colorado Silica #6-9 SEAL P> 1/4° Bentonite
cASNG B> TvPE 0.25” ID PVC DAVETER 0 5  LENGTH 24 32 [OOE &7
SCREEN P> TYPE Sch_40 PVC SLOT 0. 040"  DIAMETER 1” LENGTH 6" |peptn 40’
Yol o & El2 WELL
EE z|E o8 |23 E a8 Eé LITHOLOGY/REMARKS |COMPLETION|
2505 |4 | 32323 & |38|e0
b 71 (=1 o [ g4 FLU UNT
o 3%
L 1 EEE
oL 4
31 -
4—— ——
domp m stiff plos S Cuttings —  CLAY, pale brown, some silt. -1
6_.._ ——
7—— ——
8__ S =
g—— ——
104 —+
11— +
121 -+
13+ -+
14 +
domp m stifff plas 15 3 0.00'~1.51"  CLAY AND SILT, black, hydrocarbon T
T, staining, little very fine—grained T
830 16——1‘51 2 sand. (CL) T
174 +
181 —t
19—+ Hydrocarbon staining to 19’ -t
P01~ —
EXPLANATION Fv39<JGROUT  [OR080R0]SAND [ == ]SCREEN HOLEPLUG
E=—=== BENTONITE[_J CASING ¥ WATER LEVEL




LOCATION MAP Nellis AFB — Bioventing Pilot Study | PAGE_2_OF.2
AGE Servcing [siand Nomper P> NE2—MPC  |LOCATION B> 15 yw of Nez-upa
NE2-MpC DATE P> 1—18-94 |WEATHER | Giear. Calm
NEZ';E';P&? LOCCED B 5 pearson [y~ P> EnviroDrill
NE2Z DRILLING — » Hollow—stem| SAMPLING . 2' x 1.5 5/5
\& \ METHOD P> 4—1/4" 1D jiaer METHOD P
gzéxﬂ' P Colorado Silica #6-9 SEAL P> 1/4" Bentonite
” ” HOLE
CASING P TYPE 0.25" ID PVC DIAMETER () 5”  LENGTH DA, 8
SCREEN P> TYPE Sch 40 PVCSLOT 0.040”  DIAMETER 1" LENGTH 6"  |pepih 40’
%E o | & ‘_‘]E §"g WELL
52| E |6 | G [28kEE £ (25|25 LITHOLOGY,/REMARKS |COMPLETION
28|38 (5 |2 |32 8 |38(50
20 wos] 0:00'=0.25"  Cavings. -+
dry | poor | gstif| non 0l Tozs — 0.25'-0.78"  CLAY, SILT AND SAND, pale brown, very
21T fine—grained, dry and brittle. (ML) -1
02—~ —
P31 4
1
domp|  m stiffsl plos D5 771 0.00'=1.52'  CLAY AND SILT, pale brown with gray =~
2700 Tiso 7 hydrocarbon staining, some very fine— T
06— 3 grained sand, caliche lense at -
0.38". (ML) 1
P71 4
D8 —— -
09—~ 1
damp  stiff plas 30 0.00'—1.16"  CLAY AND SILT, pale brown, slight -1
6
#100L.. Tis0f 9 " hydrocarbon staining, some very fine— T
51— 75 grained sand and caliche pebbles. (CL) =1
dry hard |v plas 1.16'=1.50" CLAY, as above, partially cemented,
321 brittle and dry. (CH)
33— -+
34—~ —+
damp v stiff|v plos 35 5 0.00'—1.50"  CLAY, light yellowish brown, some silt, ==
-hord 80 TisolT8 trace of very fine—grdined sand. (CH) +
\ 4
37 1 —
domp- stiff | plas 38—~ 0.00'-1.39" CLAY, light yellowish brown, little -1
moist silt and very fine—grained sand, caliche T [esszeeapes
360 39—752 gravel lense at 0.83', hydrocarbon-stained—1- [3ee333=]a
T fractures and sand lenses. (CL) 1 [22e262c7]
damp hord x har 0 1.39'=1.52"  CALICHE, gray, hydrocarbon—stained. -+
EXPLANATION [(+3J5<IJGROUT ~ [BZ0RORZOISAND  [=—_]SCREEN HOLEPLUG
E==—== BENTONITE [__] CASING ¥  WATER LEVEL




LOCATION MAP Nellis AFB — Bioventing Pilot Study

*uw-74

PAGE_L_OF 4

’Nas-wc nlSILALBJER » N E3 —VW

LOCATION B> ;5. ww of Building 947

DATE P 1-19-94

WEATHER | Clear. Calm

LOGGED
BY »S.

Pearson |gy " P> EnviroDrill

DRILLING " Hollow— 0" -30° 1.5 ¢
D )6—5/8 D qulg:_n stem| SAMPLING 30" 1.5" S/S

IMETHOD ETHOD_ P 30'-65' 20" S/S
GRAVEL " y o Holeplug 22'-3’
PACK _ PP Colorado Silica #6-9 65'-27° | SEAL P 1/£ Bentonite 2722
” ’ HOLE ”
CASING P> TYPE Schedule 40 PVC DIAMETER 4 LENGTH 30’ |pa. 11
SCREEN B> TYPE Sch 40 PvCSLOT 0.040"  DAMETER 4" LeNeTH 35' |ROTAL 55
¥elo g o 4 AEE WELL
BE| € | | g [28 k3g £ |25 |E2 LITHOLOGY,/REMARKS |COMPLETION
98|43 | & | 2 [32[3Y 5 |38|88
0~ Pilot hole with 4-1/4" ID HSA ' =
+ Overdrill with 6-5/8" ID HSA + 5 v
1+ : T+
2 T iH ¥
T T b
3 T T v‘ <
— e | 9] o
1 1y 7
4 Y
4 27
I 1y 7
dry | PoOr m sfifsl plas Set- Cuttings—  CLAY, SILT AND SAND, light brown, + U
L/
T very fine—grained sond. (SC) T j 2
61 -+ ; /
- - / /
- 1N VU
7 7
+ T /]
8- +U ¥
4 <+ "
% /]
9 4+ YV
1 19 ¢
10 7 0.00'-0.27"  Cavings. T 5 2
domp m stiffsl plos T 0.27°=1.39" CLAY AND SAND, light yellowish brown, <+ f %
5 1391 6 1MV
11=-1 3 fine— and very fine—grained. (SC) -T- ; ;
- / /
12 TV 2
134 10 7
L/ /]
+ + ;
14 -+ 2 4
- - / /
151 +U 7
4 1 U /]
% L/
16— +U 2
+ +
17+ +U 7
% /]
+ + U ;
18- -+ 2 4
L ol - / /
19+ - 5 ;
1 TU U
D0~ 4.4 #

EXPLANATION GROUT SAND
ES===3 BENTONITE (] CASING

{T="]scCRreeN V777774 HOLEPLUG

XY WATER LEVEL




LOCATION MAP

Nellis AFB - Bioventing Pilot Study

PAGE_2_OF 4

V=74
3w n’gblign> NE3-VW LOCATION P> 15 ww of Building 947
DATE P 1—-19—Q4  |WEATHER pp Clear, Calm
LOSGED B 5 Pegrson |gy - P> EnviroDrill
DRILLING . ~_ = /5" Hollow—stem] SAMPLING o 0° -30° 1.5 S/5
METHOD B> 6—5/8" ID 0 et S Yhon . P So—ie 25 o
GRAVEL . - Holeplug 22°'-3'
PACK D> Coloredo Siico #6-9 65'-27" |SEAL P 7R 9 < 7
” ’ HOLE ”
CASING P> TYPE Schedule 40 PVC DIAMETER 4 LENGTH 30’ |pia. 11
SCREEN P> TYPE Sch 40 PVCSLOT 0.040"  DIAMETER 4’ LENGTH 35 |IOTAL g5
'&"E © 1 4 & és WELL
HEH S HE LITHOLOGY,/REMARKS |COMPLENIO
s§|s |8 |2 3228 & |38|88
& 0 g 0.00'-0.33" Cavings. T 7
domp m stifis! plas 56 +1.49 ) 0.33'-1.25" Clay, light yellowish brown, some fine~ =+ g
21-1- 10 and very fine—grained sand, little -T- ’
silt, mottled. (CL) + g
dry I sitffsl plos D2 —— 1.25'=1.49" CLAY AND SAND, light brown, fine—grained— g
< + some silt, (SC) T E
D4t +E8 E
domp soft Bl plos 25 3 0.00'—0.80" CLAY, light yeliowish brown, some fine- = §
56 Toso[ s grained sand, little silt and very T =
D6~ 3 fine—grained sand, slight mottling. (CL) —f- =
san 18 E
b9 -+ s
domp|  m sfifl pos—g—30 7571 0-00°=1.50"  CLAY, pale brown, little silt and ~ &
{ 58 Tiso[7 very fine-groined sand, trace of T 54—
B 31—+ (= caliche pebbles. (CL) T8
521 + B —
334~ —+ B —
54— —~+ 8 —
damp I stiffs! plos 3 35 7 0.00'=1.30" CLAY, as above. 4B —
dry hord  hord] & 54 Tiso 73 1.30°'=1.50" CALICHE, white to light brown, TR
ig' 361" fmr hard and masssive. 1104
57—+ - —
538 1 .
39 —— ~
40— ~+ @ —
EXPLANATION <379+ T} GROUT [CRGRGRCGISAND [=="]SCREEN HOLEPLUG
E=——] BENTONITE[_JCASING ¥  WATER LEVEL




LOCATION MAP
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E==—=3 BENTONITE [____] CASING

b 4

WATER LEVEL

uw-74
WELL
*e3-wpe NUMB§R> NE3—VW LOCATION B> 15 \y of Buiiding 947
DATE P> 1—19—94  |WEATHER P> (i Cleor- Calm
LOGGED B Pearson |0 P EnvnroDnII
DRILIJNG - " Hollow—stem SAMPLING p 0" -30' 1.5" S/S
METHOD P> 6-5/8" 1D jicer uethoD P o 2o o
947 '- ’
gﬁéXEL P> Colorado Silico #6-9 65°-27" | SEAL > :-'/Qi.e pBI:Stofltze 23 o
» , |HOLE
CASING B> TYPE Schedule 40 PVC DIAMETER 4 LENGTH 30’ [HOLE 4 4
SCREEN > TYPE Sch 40 PVCSLOT 0.040"  DIAMETER 4" LENGTH 35’ Egyr\h 65’
el o & 8¢ WELL
eE| £ |5 | & 28 i = |28 |E2 LITHOLOGY /REMARKS |COMPLETION
2 2| 33338 (32|58
58|13 |8 |2 [32|8% & |32 |58
domp siff | plas s 40 50 0.00'-1.30" CLAY, pale brown, some silt, fine- and == gy —
{ 9 T30l very fine—~grained sand, trace of T I3 —
é’l 41 -1 18 caliche gravel. (CL) T-l§
4o+ N -
434 -l
44— + B —
domp| |y stiff plos —z—p5 5] 0.00'-0.80"  CLAY, as above. 13—
dry hard f hord & | 57 Ti0032 0.80'-1.20" CALICHE, light brown, massive. T 8§ —
¢ | T I30 THZ
471 TE—
48— 8
U9 —— =18 —
dy hord v hord—=——150 7= 0.00°~0.40"  CALICHE, massive, pale brown. -+ —
moist| modm densg non | f 00k Tisol12 0.40'—1.50" SAND, pale brown, fine- and very + s —
gy’ b1+ 50 fine—grained, trace of silt, trace of ol
: hydrocarbon staining. (SM) 4+ [ —
52-1- Tl —
53~ 413
54 —— T
domp-{ POOT |y stifff plas 5 55 3 0.00°-1.50" SAND AND CLAY, pale brown, fine— and == —
moist & 100l T150 15 very fine—grained sand, some silt, little 1 184 ™
é,"‘ 561 7 hydrocarbon staining, little amount T lod —
of caliche pebbles. (SC) T By —
b7 1+ Ty —
58—+ 8
B9 ~— —- 18—
60— oted
EXPLANATION [v35~TGROUT  [GZ0Z0Z0)SAND  [==_]SCREEN HOLEPLUG




Al
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¢ MW-74

es-are N iR P> NE3—VW

LOCATION P> 15. \ of Building 947

DATE P 1-19-94

WEATHER Jp {lear, Calm

E°CE0 B S, Pearson |gy

DVELED - EnviroDrill

DRILLING _ " Hollow—stem
P 6-5/8" D oo

SAMP 0 =30 1.5
SAMPLING g 0" -30" 1.57°S/5S

METHOD
947 T
SRAVEL B Colorado Siica #6-9 65'-27" | SEAL P> :'/"l?p:;?toii 2‘;_22,
” ’ HOLE ”»
CASING B> TYPE Schedule 40 PVC DIAMETER 4/ LENGTH 30" fpjar 11
SCREEN P> TYPE Sch 40 PVCSLOT 0.040”  DIAMETER 4”  LENGTH 35’ [[o1AL g5
B‘:‘E Q2 IS £l e HE §g WELL
55| £ | B G 22 b33 £ |35 |E2 LITHOLOGY,/REMARKS COMPLETION
8|8 |8 | 2323 5 |38|88
moist  stifff plos F— 60 ) 0.00'=1.50" CLAY, pale brown, some silt and ~+ oy —
-wet §? 750 . 15074 very fine—grained sond, little amount T -
é’l 61~ 15 of caliche pebbles, hydrocarbon odor. (CL)::' i
FES I >
63 T+ —
b4~ —+ 15—
sot hord  hord— S5=F 35 0.00'-1.00"  CAUCHE, light yellowish brown, gravelly, =t lad -
/ N .
FS Tiso78 some clay ond silt, soturated, strong T
Q’ N 6+ 15 hydrocarbon odor. (GC) -+
moist v stiff]v plos 1.00°=1.50" CLAY, light yellowish brown, some fine- <
-wet 6571 and very fine-grained sand, some -+
+ silt. (CH) 4
E8 -1 -+
e -1
701 -
71— .
721 -T
73 -+
743 -
751 -
76— £+
4 / 4
77 1 -
78—~ 4
79— 1
30—+ -
EXPLANATION [v3v<TJGROUT  [BR0Z0R0JSAND [ == _]SCREEN HOLEPLUG
=== BENTONITE[__]J CASING ¥ WATER LEVEL
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*e3-upe r;l&b"gggb NE3—-MPA LOCATION B> 15 y of nes-—w
N Clear, Calm -~ 35°F
DATE  p1-20-94 WEATHER > Midnight Drilling
LOGGED ’S Peorson DR'LLED ’ EnVerDn”
DRILUNG _ " Hollow—stem SAMPLING g 0° —60° 1.5 S/S
METHOD P> 4—1/4" 1D Aler METHOD W42 2.0r S/5
947 Holeplu
gzéXEL ’ Colorado Silica #6-9 SEAL ’ 14 pBer?t onite
n , 4050 HOLE o
CASING B> TvPE 0.25” ID PVC DUMETER () 5"  LENGTHSUSSXIpi." 8
” ” ” TOTAL ’
SCREEN P> TYPE Sch 40 PvC SLOT 0.040 DIAMETER 1 LENGTH 6”  [pepH 60
y E AEE WELL
3 [ o
A § 2% s £ |22 )E2 LITHOLOGY,/REMARKS COMPLETION
a Qo [}
o538 [5 | 2 328 &8 |38|88 FLUSH_MQUNT
a9
O——
T T 1
T T
T T Il
%9979
21— T it
T oo
31 —+ Wy
1 ’555/
T 16549
- -t /;’;j/
5 MR/ A5%7
T AL
T T W
61 o’ 5277
4 1 'y
;////
7T T I
4 4 //jjﬁ
L
81 L5947
+ T
91~ Iy
+ ’fff/
T 44%%4
10 = 0.00'=0.33"  Cavings. -1 /5% /
domp soft Fl plos T 0.33'=1.13" CLAY, pale brown, some silt and very + Y ¢
n0f ., 1133 , 1
111 7 fine-grained sand. (CL) g ;5 g
+ 25
A ;%ffx
121 %%%
/5///
T IR%%5%7
13— -t /////
1 Wl
1 44
141 M
I T
4l
15T A5%44
159744
I T
161 -T- /////
/////
I T
171 -+
////
1 1 o
/////
8T T
T T
19—~ Ty
T T jff//
P0~1- 4
EXPLANATION [<¥Jv<TJGROUT  [OZ0R0-0]SAND [ = JSCREEN HOLEPLUG
EE==SBENTONTE[____JCASING ¥  WATER LEVEL
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WELL

NUMBER » NE3—-MPA

LOCATION > 15° N of NE3-W

DATE

»1-20-94

WEATHER ’ Clear, Calm - 35°F

Midnight Drilling

LOGGED »S. Pearson

DR"'LED P EnviroDrill

_gEE'TL#'ON,,G} 4-1/4" D

Hollow—stem
Auger

SAMPLING . 0' =60° 1.5° S/S
METHOD 42 2.0° S/S

GRAVEL
PACK

’ Colorado Silica #6-9

Holeplug
SEAL ’ 1/4" Bentonite

cASING B> TYPE 0.25” 1D PVC DAMETER (5"  LENGTH o [ROE &7
SCREEN B> TYPE Sch_40 PVCSLOT 0.040”  DIAMETER 1” LENGTH 67 |I9TAL 5y’
gel o « z[3% WELL
22| E E g g2 |&§§ AT LITHOLOGY/REMARKS [COMPLETION
e§|g |8 |2 (328 8|38|5E
dry | poorm densp non 0 5 0.00°-1.50" SAND, pale brown, some silt and -T 4
7 |, T150[10 clay. (SM) 1
20 1
4
P2+ + Wy
I 4777
23 - - 9
T T
D41 T
T T V1
damp m stiffs! pas 05 5 0.00°=1.51"  CLAY, light yellowish brown, some silt, -t 5
+ fine and very fine—-grained sand. (CL) T 4
94 bg—--91 4 -
S
P71 -T-
P8~ 4+
P9t -1
30 5 0.00°=0.50"  Cavings. —+ EE33:
domp- | il vols o0t 0.50'=1.11"  CLAY, pale brown, little silt and 1 Efbdd
. 1111 4 . . %%4
moist 3]~ = very fine-grained sand. (CH) -+ /;;;
N7 7%
T TOM
=i 1V
T 7577
1
25%¢
T 254
35 = 0.00'-0.31"  Cavings -+ KA
domp stiff 1 plos- 120 --1 132 0.31'—1.41"  CLAY AND CALICHE, pale brown, some silt T
X hard 56—~ ) and very fine-groined sond, partially -T-
and preferentially cemented, caliche is TE
57 —— interbedded. (CH) T =
58 - 4
39 —- L =
40— -+ 3

EXPLANATION GROUT

SAND
EE——BENTONTE[____JCASNG ¥

C_—_JSCREEN
WATER LEVEL

(/£ /A HOLEPLUG
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> uw-74
s are NuMBer D> NE3—MPA  [LOCATION B> 15 y of nes-w |
DATE P 1-20-94 WEATHER pp Cleor, Calm — 35F
ED D . .
B2 S, Pearson |gy P EnviroDrill
DRILLING S 4 _ 1 /4" Hollow—stem[SAMPLING o 0° —60°' 1.5 S/5
METHOD P> 4=1/4" 1D 4ioer NEYHOD P 2 Sus >
GRAVEL ” Holepiu
PACK » Colorado Silica #6-9 SEAL > /4 pBer?toniteﬁ
” ” . i . Ho 7"
CASING P> TYPE 0.25" ID PVC DIAMETER (0,57  LENGTH¥METS |5, " 8
SCREEN P> TYPE Sch 40 PVCSLOT 0.040"  DIAMETER 1 LENGTH 6~ ggf;g 60’
¥elo o J £lg¢ | WELL
2E|Z | & g 2% 83 £ |25 1E2 LITHOLOGY/REMARKS COMPLETION
8|3 |8 |2 323 8|38 |88
domp] mod | loose | non- 40 v 0.00°'—1.50" SAND, light yellowish brown, fine and very— 4
5| plas| ol Tis 71 fine—grained sand, littie cloy and silt. (SC)t
41 3 -+
domp m sfiff plos — 2 7 0.00'-1.50"  CLAY, light yellowish brown, little -+
1 j; 150 43—_1.50 ] siit and very fine-grained sand. (CL) _':.
& 7 1
moist| I stifls! pl 45 £ 0.00'-1.50"  CLAY, light yellowish brown, e -+
. silt, trace of very fine~grained sand. (CL) T A2¢
250, 150 ; -+
<+ 1 ===
48— -+
49 1 -+

o0
00
000

()

o
)

o
000

damp| PoOr Iy sfiffsl plast 50 5 0.00'=0.97"  CLAY, SILT AND SAND, light yellowish -+
-wet 7200 To97[12 brown, fine— and very fine—grained T

51—~ T2 sand, hydrocarbon odor. (SC) T

AOULL

[+]

o
©°
o
°

damp n stiff plos 55 5 0.00'-0.87* C.LAY,' light y'ellmvish brown, little -+

m Jll s 1

57+ 1

3 1
| 59‘-:‘ —“ 290000k
\ o1 T gt

EXPLANATION Fe"09<YJGROUT  [PRO=oRo]SAND [_—= JSCREEN {77777 HOLEPLUG
EE——JBENTONTE[______JCASING ¥ WATER LEVEL

N G I 0 N O AE D O A R B E BN B B B B =
=
~
|
|
Ly
l'
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Numger P> NE3—MPA

LOCATION P> 150 y of NES-w

DATE P 1-20-94

Clear, Calm — 35F |
WEATHER ’ Midnight Drilling

"OGGED »S. Pearson

DR"‘LED P EnviroDrill

e R 43 S A
o CRAX" D> Colorado Siica #6-9 SEAL P> :*;ifp;:,?mne
CASNG P> TvpE 0.25” ID_PVC DUMETER 05" LENGTH o RO o7
SCREEN P> TYPE Sch 40 PVCSLOT 0.040”  DIAMETER 1" LENGTH 6"  |JOTAL 50
%E g |6 g m;,gg £ ‘E §§ LITHOLOGY/REMARKS Lconﬁ%non
S5\ 3 |8 | = 3285 8|28|88
damp sfiff | plas 0 ] 0-00'=1.50"  CLAY, light yellowish brown, some -+
130061_: .50 11 ? silt, little fine—grained sand. (CL) 1

52| 1

63| 1

i 1

bs | 1

s L

671 T

ka1 1

59_-:. —+

oL 1

L 1

72+ T

L, 1

L] 1

cas -+

I L F

ba-1- L

s -+

bo-- 1
EXPLANATION Fv79<TJGROUT  [OS0R0R0]SAND [ —— _JSCREEN HOLEPLUG

[E=——=3 BENTONITE

C—Joasine ¥

WATER LEVEL
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Suw-74

WELL
NUMBER » NE3—-MPB

LOCATIO
N P> 15§ of NE3-UPA

DATE P 1-19-94

WEAT
HER ’ ﬁ!ecr, Calm - 50°
idnight_Drilling ooF

gecs'éo PS. P
. Pearson |gy —
n {gy—— P> EnviroDrill

DRILLIN
DerHob P 4-1/4

uger

GRAVEL

PACK » Colorado Silica #6-9

lDA ’ » "
/

SEAL P> Holeplug
1/4 Bentonite

CASING P> '
TYPE O 2511
SCREEN . ID _PVC
2 e | - T 0.040" . LENGTH 30".40",50° HOLE
) -
AHAH H LenoTH 6" |10,
alse ég UTHOLOGY/REMARKS DEETH 60"
N . WELL
COMPLET!
1 ON|
11+ FLU ‘
2 T 299 UNT
3L T
£5%%7
T +
T T
T + iy
5 1 WA
AVVY
T MRS 277
6 /////
<+ AVHY
1l £%%44
i
71+ + Vr
1 1 Wy
I 49457
+ VY
-l —— /////
9] ///f/
o » 1 vy
p /////
saft pl pls T W
ot ——fio]—F] o010 1
641 T =-1.50" CW —+ My
11— 150 5 umeY :ND SILT, light yellowish T 5555;
v ine— and very fin sh brown, —+ ’/f/’
o sand. (ML) e—grained 1 2 2 ;22
< —t /////
13- T
$4%24/4
1 T
14—t~ + Wy
1 1t
151 1 W
1 uns79%
164 1 My
$4%%
1 i
17—~ + WV
| /////
R -+ 11Ty
18— 1 %%%9
L5249
I I
19— -./////
ANVVY
: i
w 20-—4_. - /////
POPER] _ 42974
GROUT i ;;éjj
e OOWD T /////
C—_JSCREEN MN2%777
(7772

=]
BENTONTE [ ]
CASING

¥
¥ WATER LEVEL




LOCATION Mé&_n Nellis AFB — Bioventing Pilot Study PAGE2_OF 4
L T g&h@» NE3—MPB LOCATION B> 15: v of NES-UPA
Clear, Calm - 50°F
0/ DATE »1-19-94 \DVREIALIEHIE)R > Midnight Drilling
e By ot S, Pearson |gy P EnviroDrill
_wi? DRILLING ” Hollow—-stem| SAMPLING g 0'-60" 1.5" S/S
"E’,,Z‘.w METHOD P> 4—1/4" 1D j00dr | SR
I GRAVEL .. Holeplu
PACK ’ Colorado Silica #6-9 SEAL ’ 1/4 Ber?tonite
” ” d * Ho E "
CASING > TYPE 0.25” ID PVC DIAMETER () 5"  LENGTHXosoPBlE o
SCREEN P> TYPE Sch 40 PVCSLOT 0.040"  DIAMETER 1" LENGTH 6 ﬁg;?h 60’
Yelo o J 8¢ WELL
2ElE |5 |5 28 23 £ 25 (B2 LITHOLOGY,/REMARKS ICOMPLETION
3|2 |8 | 2328 8|38 |88
damp soft IPN 0 3 0.00°~1.25" CLAY, pale brown, some silt, trace - -4
-non 10 1256 of fine— and very fine—grained sond. (CL) -+ /
21 13 l’ %5
T o
D2t -+ 2
T T /]
03—t -
T 1N?%7
T WY
domp| | soft Bl plos b5 3 0.00'-0.40"  CLAY, pale brown, lite sit “+
65 Tis0(2 and very fine grained sand, caliche T 4
D6 -~ 7 nodules at 0.4°. (CL) -+
damp| paor | joose | non 0.40°—1.50" SAND AND CLAY, light yellowish brown, <+
P71 some silt, fine~ and very fine—grained =1—
T sand. (SC) +
P8 — -+
09—~ -+
r 20 5 0.00°-0.50"  Cavings. -+ § gg
Ldam_p~ soft rﬂ pos & 62 | Tiso[ 2] 0-59~1-50" CLAY, light yellowish brown, litti T BEEE
moist g 51— silt, trace of fine~ and very -1 / %299
& 4 R / %%s
fine~graoined sand. (CL) T+ / /55
321 T+ U
1 %%
3+ +
1 T
4T T
T TV
moist soft Bl pl 35 I=5] 0-00'—0.35" CLAY, as above. -+ g
dry loose | non 130 Toss 0.35'-0.55"  SILT, light brown, portially cemented, T
561 consistency of flour. (ML) -+
37 1 T
38 1+ -+
39— -T- ¥
0 N
EXPLANATION [*TJvSTJGROUT  [CZ0Z0Z0]SAND [=—__]SCREEN HOLEPLUG
% BENTONITE [___] CASING ¥ WATER LEVEL
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U s ﬁ&h‘égg’ NE3—MPB  [LOCATION B> ;s \ of nes-uea ]
DATE P 1—-19-94 WEATHER » Clear, Calm - S0°F
"OGGED P S. Pearson DR]U‘ED P EnviroDrill
g DRILLING Hollow-stem SAMPLING p 0'—60° 1.5 S/S
e METHOD P> 4=1/4" 1D pjcer METHGOD  ® 30 40'50' 20" S/5
. gﬁéxEL > Colorado Silica #6-9 SEAL > T;l.e p;:r?tonite
” ” . g * HOE 11}
CASING P> TYPE 0.25” ID PVC DAMETER () 5"  LENGTH¥ 4008
SCREEN P> TYPE Sch 40 PVC sLoT 0.040"  DIAMETER 1" LENGTH 6" _}g,‘,éh 60’
gelo . 4 AR WELL
EE_ é E g gﬁ lggz £ &g Eé LITHOLOGY/REMARKS [COMPLETION|
¢3|§ |8 |2 [3334 2|38 |28
domp- stiff | plas 40 0.00'—1.50" CLAY, light yellowish brown, some = $
moist .§f sl Tiso ;é silt and very fine—grained sand. (CL) T %
g | MT [25 T %
1
1 I %
Ha— -+ %
dry hord [x har 45 0 0.00'—0.72" CALICHE, pale brown to white. -T- /Z
domp I sliff plas 180 --1 s0[7 0.72'-1.50"  CLAY, light yellowish brown, some T ES
K6 7] silt and very fine~grained sand. (CL) T-E
W7 TE
48—_ i ==
r 50 Wi 0.00°'-0.50"  Cavings. 3 EL E
moist| mod | dues Bl plosy & 6200l Ti50[20] 0-50'=1.50"  SAND AND CLAY, light yellowish brown, T I& <3
-wet & 51 70 fine—-grained, little very fine—grained -1 / j
sand. (SC) -+ g
o 1 /
/
531 + / 4
i 1 / /
54— —+ / 4
! Y
domp| | stiff |y ples 55 = 0.00'=1.50"  CLAY, pole brown, fitte sit S 2244
b " and very fine—grained sand, caliche T
9200 56~ 130 j0=3 in sempler shoe. (CH) -
57 —+E
58"‘" P
59-— n °o:o:o§
50— BB
EXPLANATION v vsTJGROUT ~ [BZ0ROZOISAND  [==__]SCREEN HOLEPLUG
E=——JBENTONITE[____ ] CASING ; WATER LEVEL
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Nes-upe®

ves-wei®
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> NE3-MPB

LOCATION P> 1s: \ o nE3-MPA

»1-19-94

WEATHER | Clear, Caim — 50F |

LOGGED P S. Pearson

D P EnviroDrill

NE3-VW
A

ID Hollow-stem SAMPLING ), 0'-60" 1.5” 5/5

S 4=1/4"

> Colorado Silica #6-9

Holeplug
1/4 Bentonite

SEAL )

CASING P TYPE 0.25"

ID PVC DIAMETER () 57  LENGTH3?450 -

HOLE -~
38

SCREEN P> TYPE Sch 40 PVC SLOT 0.040"

DIAMETER 1" LENGTH 6"  |pothk 60’

MOISTURE
CONTENT
SORTING

NUMBER
{PPN)

E

o

WELL
LITHOLOGY/REMARKS {COMPLETION|

lPENETRATlON
RESISTANCE

RECOVERY

Y
T
3|3

0.00'-1.50’

moist  stiff plos

60

-

61-1

CLAY, light yellowish brown, some siit -T-
and very fine-grained sond. (CL) T

EXPLANATION Re<~e<¥3 GROUT

[C—=="]SCREEN
WATER LEVEL

SAND
EE====] BENTONITE (] CASING

(/LA HOLEPLUG




-
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g T nSbLAl'BgR» NE3—-MPC LOCATION B> 55 y of NES-UPB
DATE P> 1-19—94  |WEATHER | {jeor Colm
LOGGED . 5 Pearson [gy - P> EnviroDrill
DRILLING ” Hollow—stem| SAMPLING . 0'—50°
METHOD P> 4—1/4" 1D pjger o | el
giéxn' » Colorado Silica #6-9 SEAL p ':71? th:r?tonite
” ” . 3 . HOTE ”
CASING P TYPE 0.25" ID PVC DAMETER (0 5"  LENGTH4Zn,. 8
SCREEN P> TYPE Sch_40 PVCSLOT 0.040"  DIAMETER 1" LENGTH 6" |§Rp7 50’
Wy o 4 58 WELL
oe| € |5 g 2% k23l £ |28]E8 LITHOLOGY,/REMARKS |COMPLETION
€318 | 8 2 32 3—85&5@ LU UNT
— LU
T _-_-_// 7
‘ IN/%%%
- /4;%
2 T
1 + ////
////
3—— —t ////
////
1 1
1 ////
44 ////
1 + v/
5924,
st 1M
-+ -+ ////
592
6 +
////
1 T W)
4 41/
7 5944
1 4 ////
5924,
8T I
+ + WM/
997
94 -+
1 IN/%7%
—110 No Recovery. -t ;222
1 IN922%
11— + /5//
9
+ W/
//j/
121 T 55//
-+~ -+ ////
59727
T T
+ 13.5'=16"  Driller reports caliche. Hard Drilling. T ;;; /
T T
/?5%
151 T j///
+ + My
5947
164 TWH
- L o ////
AN’ %7277
174 ////
! 181797
4 BNIY2¢7
18 ////
1 4 ////
//j/
194~ T %;%
1 T
D0+ 4
EXPLANATION [e¥7<vTJGROUT  [OROR0R0]SAND [==_]SCREEN HOLEPLUG
E====BENTONTE[___JCASING ¥ . WATER LEVEL
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WELL

NUMBER » NE3—-MPC

LOCATION B> 5. y of NE3-wPB

DATE

»1-19-94

WEATHER ) g(l)?'t__lr. Calm

LOGGED ). S Pearson gy P> EnviroDrill
DRILLING » - *~50'
METHOD P 4- 1/4" 1D Hl%lg:v stem] SAMPLING ’0 -50"
(P;EéxEL P Colorado Silica #6-9 SEAL P> :1/°iep3|:r?tomte
CASING B> TYPE 0.25” 1D PVC DAMETER 0 5"  LENGTH0]HOE g
SCREEN B> TYPE Sch 40 PVCSLOT 0.040"  DIAMETER 1” LENGTH 6" |§R1Ak 50
gelo 2 [ B ug e - [4B[EE WELL
BE|E |5 | 5 |g2 SHEEL LITHOLOGY/REMARKS {COMPLETION]
8|5 |8 |2 325 8|3E|8¢
i 0 51 0.00'-0.42"  Cavings. - -~
: non + 0.42'-0.65' : , , +
Iy M densp No oo, Tors 3 S:AY rsm AND dsmgc pale brown I %
) ry fine—grained. (SC) / %
dry hord x hard 0.65'-0.74"  CALICHE, white, massive. T
D2+ + 22
p3-| 1 2%
4t -+ ;Z
T T ]
damp| poor 'Iloose- non- 25 5 0.21'-1.50" CLAY AND SAND, light yellowish brown, == fé
. denspl plas 1500l . Tisol ™7 fine— and very fine—grained, some T 44
06—~ 3 silt. (SC) -
R7 -1 4
P8 —— -4
29 —— -1
T T Bk
30 3 No Recovery—CALCHE. Headspace sample I |EE#:
T collected from cuttings. + P
200031__NA 6 1 /5/
10 1 %; /
52 +H
%17,
4 , 4 /2 %
P31~ T /%_
| y
34— -+ %; %
+ 1Y %
dry | poor | harg | non 35 ——0.00'-0.21"  Cavings. - A
dry | POOr | hard | non 10l Toss =1 0.21'-0.48"  SAND, light brown, very fine—grained, +
361 some silt and fine-grained sond, trace of-T-
clay, cemented. (SM) T
37 - 4
38—+ £
39—— 1 so2d P old
40— i ogo—o go°
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L s nEbL_B_[._:RF NE3—-MPC LOCATION P> 55 y of nES-MPB
DATE P 1-19—94  |WEATHER P G C'eor' Calm
wes®
ren "OGGED »S. Pearson |gy > EnvnroDrlll
—wi¥ DRILUNG ” Hollow—stem SAMPLING g, 050"
m;tw, METHOD ’4 1/4" 1D Auger ’ " Spli
s GRAVEL N _Holeplug
PACK ’ Colorado Silica #6-9 SEAL P 1/4 Bentonite
” ” * i ' HotE- 424
CASING > TYPE 0.25" ID PVC DUMETER () 5"  LENGTH®'1nn =8
SCREEN P> TYPE Sch 40 PVCSLOT 0.040”  DIAMETER 1" LENGTH 67 | I9FAL 507
gE © x E WEU.
2E|E |5 g 28,39 £ 23 gg LITHOLOGY/REMARKS (COMBLETON
s§|5 |8 | =322y 838|885
40 551 0-00°~0.46"  Cavings. T ok
dry | poor densﬁ non 70 T8l 23 0.46'—1.08" SAND AND SILT, light brown, fine= and 7 /
41— 37 very fine—grained, cemented. (SM) - / %
domp| mod {densesl pl 1.08'-1.50"  SAND, light yellowish brown, fine— and T / %
42 —— very fine—grained, little silt -+ / %
T and clay, (SM) + / %
b3-| -+ / Z
I I
a4 -+ / Z
dry | PoOr |dense non 5 70 0.00'—0.49" SILT AND SAND, light brown, fine- and — / é
: 14D Ti49 37 very fine—grained sand, trace of T é
471 -4
ST 1E
49— N —=
wet soft Bl pl 50 5 0.00'-0.21"  CLAY, light yellowish brown, trace -—[§§§§§{§§
§ Tiso[G6 of sitt and very fine—grained + (828282520
;‘\9‘ o1 1 6 sand. (CL) -T-
wet m stiffs! plas 0.21'=1.50"  CLAY, SILT AND SAND, grayish white, T
52~1- very fine—grained, trace of caliche -1
+ pebbles, interbedded massive caliche. (SC) T
53— .
h 4 Encounter groundwater between 51.5° and 55’ T
54 —— -+
55 No Recovery—Saturoted sample fell from sampler. -
56 -1 4
67 1+ -
58—+ .
59 ~1- -
50— -
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NELLIS AFB - SITE 27
Biodegradation Rate Calculations

. Formula:

Test Results:

Assume:

lenter data

[calculated data |

Kb =Ko x 1/100% x AxDoxC  Where:
Kby = fuel biodegradation rate

Ko = O2 utilization rate (%/min.)

A = volume of air/kg soil

Do = O2 density

1340

mg/L

C = Carbon/O: ratio for hexane mineralization = 1/3.5

MPC-55

Ko = max. observed rate

w=

moisture content

0.000144

15.0

Soil properties for [silty clay

|Specify from

%/min.
%

Table 1.4 (Ref. Foundation Engineering, Peck, Hanson, and Thornburn,

John Wiley Press,

Porosity:

Unit weight (dry):
Void ratio:
Specific gravity:

1974)
n = 0.45
ed = 1.43
e=n/1-n= 0.82
= 2.65

Calculate A = Air filled volume (Va)/unit wt.
Solving for 1 liter of soil

) VWw=n*
la n 1VI;=
b) S:r=Gw/

I wesr;_

l C) Vw=S8rxVWv

' Vw =

d) Va = Vv - Vw
Va

0.45|

liters

0.48|

0.22]

liters

0.23!

liters

e) Bulk density = ¢d + (Vw x gW) =

f) A =Va/Bulk density =

Vv = void volume

Sr = degree of sa

turation

Vw = volume of water

Vw = volume of water

[ 17

0.135

Kb = Ko x 1/100% x A x Do x C x 525,600 min/yr =

kg/l soil
| air/kg soil

mg TPH/year
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| NELLIS AFB - SITE 27

‘ Biodegradation Rate Calculations [enter data [calculated data ]|
|
| l Formula: Kb =Kox 1/100% x AxDoxC  Where:
| Ko = fuel biodegradation rate
I Ko = Oz utilization rate (%/min.)

A = volume of air/kg soil

Do=Ozxdensity 1340 mg/L

C = Carbon/O: ratio for hexane mineralization = 1/3.5

Test Results: MPB-55 Ko = max. observed rate 0.000535 | %/min.
w = moisture content 15.0| %
Assume: Soil properties for |silty clay |Specify from

Table 1.4 (Ref. Foundation Engineering, Peck, Hanson, and Thornburn,
John Wiley Press, 1974)

Porosity: n = 0.45
Unit weight (dry): gd = 143
Void ratio: e=n/1-n= 0.82
Specific gravity: G= 2.65
Calculate A = Air filled volume (Va)/unit wt.
Solving for 1 liter of soil
a) \w=n*1L
l Vo =| 0.45] liters Vv = void volume
‘ I b) S:=Gwle
- &= { 0.48! S = degree of saturation
' C) Vw =S x Vv :
Vw = r 0.22| liters  Vw = volume of water
l d) Va=Wv-Viw
Va=| 0.23]|liters  Vw = volume of water

e) Bulk density =¢d + (Vwxsw) = | 1.7) kg/l soil

f) A =VJ/Bulk density = 0.135]( | air/kg soil

Kb = Ko X 1/100% X A x Do x C x 525,600 min/yr = mg TPH/year




NELLIS AFB - SITE 28
Biodegradation Rate Calculations

Formula:

lenter data

lcalculated data_|

Kb =Ko x 1/100% x AXxDoxC  Where:
Kb = fuel biodegradation rate

Ko = O2 utilization rate (%/min.)

A = volume of air/kg soil

Do = O2 density 1340

mg/L

C = Carbon/O: ratio for hexane mineralization = 1/3.5

Test Results:

MPA-50

Ko = max. observed rate

Assume:

w= moisture content

0.004688

16.0

Soil properties for [silty clay
Table 1.4 (Ref. Foundation Engineering, Peck, Hanson, and Thornburn,
John Wiley Press, 1974)

Porosity:

|Specify from

Unit weight (dry):

Void ratio:

Specific gravity:

n= 0.45

gd = 143
e=n/1-n= 0.82
= 2.65

Calculate A = Air filled volume (Va)/unit wt.
Solving for 1 liter of soil

liters Vv = void volume

r = degree of sa

a) Ww=n*1L

Vo = 0.45|
b) S:=Gw/e

S =| 0.52]
C) Vw=Srx Vv

Vw =] 0.23]
d) Va=Vv-Vw

Va=| 0.22]

e) Bulk density = ¢d + (Vw X gW) =

f) A = Va/Bulk density =

ka/l soil

|/ 0.129] I air/kg soil

turation

liters Vw = volume of water

liters Vw = volume of water

Kb = Ko x 1/100% x A x Do x C x 525,600 min/yr = 1220

mg TPH/year

%/min.
%




l Formula:

Test Results:

Assume:

NELLIS AFB - SITE 28
Biodegradation Rate Calculations

[enter data lcalculated data ]|

Kb =Kox 1/100% x AxDoxC  Where:

Kb = fuel biodegradation rate
Ko = O2 utilization rate (%/min.)

A = volume of air/kg soil

Do = O2 density 1340 mg/L

C = Carbon/O: ratio for hexane mineralization = 1/3.5

MPC-40

Soil properties for [silt and sand

Ko = max. observed rate 0.000875 | %/min.
w = moisture content 26.0{ %
|Specify from

Table 1.4 (Ref. Foundation Engineering, Peck, Hanson, and Thornburn,

John Wiley Press,

Porosity:

Unit weight (dry):
Void ratio:
Specific gravity:

1974)
n = 0.45
gd = 143
.e=n/1-n= 0.82
= 2.65

Calculate A = Air filled volume (Va)/unit wt.
Solving for 1 liter of soil

a) Vu=n*1L
l Vv =
b) Sr=Gwle

S =

l C) Vw=S8rxW
Vw =

ld) Va =V - Viw
Va=

|

0.45|

liters Vv = void volume

0.84]

Sr = degree of saturation

0.38]

liters Vw = volume of water

0.07]

liters Vw = volume of water

e) Bulk density =¢d + (Vw X gW) =

f) A =V./Bulk density =

1.8]

kg/l soil

0.039]

| air/kg soil

Kb = Ko x 1/100% x A x Do x C x 525,600 min/yr =

mg TPH/year




NELLIS AFB - SITE 44
Biodegradation Rate Calculations

enter data [calculated data ]|

Formula: Kb =Kox 1/100% xXAXxDoxC  Where:
Kb = fuel biodegradation rate

Test Results: VW

Ko = O2 utilization rate (%/min.)

A = volume of air/kg soll

Do = O:2 density 1340

mg/L

C = Carbon/O: ratio for hexane mineralization = 1/3.5

Ko = max. observed rate
w= moisture content

0.002465 | %/min.

20.0| %

Assume: Soil properties for [silty clay
Table 1.4 (Ref. Foundation Engineering, Peck, Hanson, and Thornburn,
John Wiley Press, 1974)

Porosity:

Unit weight (dry):

Void ratio:

Specific gravity:

ns= 0.45

gd = 1.43
e=n/1-n= 0.82
= 2.65

Calculate A = Air filled volume (Va)/unit wt.

Solving for 1 liter of soil

liters Vv = void volume

|Specify from

Sr = degree of saturation

liters Vw = volume of water

a) Vw=n*1L

Vy = 0.45|
b) S:=Gwle

S =| 0.65|
C) Vw =S x Vv

Ve =| 0.29]
d) Va = Vv -'va

Va=| 0.16]

e) Bulk density = gd + (Vw X gW) =

f) A = Va/Bulk density =

1.7] kg/ soil

0.094 | | air/kg soil

Ko = Ko X 1/100% x A X Do X C X 525,600 min/yr =

liters Vw = volume of water

mg TPH/year




NELLIS AFB - SITE 44

Biodegradation Rate Calculations

lenter data [calculated data |

Formula: Kb =Ko Xx 1/100% x AxDoxC  Where:
Kb = fuel biodegradation rate

Ko = O2 utilization rate (%/min.)

A = volume of air/kg soil

Do = O2 density 1340 mg/L

C = Carbon/O:z ratio for hexane mineralization = 1/3.5

Test Results: MPC-32 Ko = max. observed rate 0.021384 | %/min.
w=  moisture content 10.5| %
Assume: Soil properties for [silty clay |Specify from

Table 1.4 (Ref. Foundation Engineering, Peck, Hanson, and Thornburn,
John Wiley Press, 1974)

Porosity:

Unit weight (dry):

Void ratio:

Specific gravity:

n = 0.40

gd = 143
e=n/1-n= 0.67
= 2.65

Calculate A = Air filled volume (Va)/unit wt.

Solving for 1 liter of sail

a) \w=n*1L
Vy =|| 0.4 liters
b) S: = Gwle
Sr=| 0.42]
C) Vw=S8rx Vv
Vo =| 0.17| liters
d) Va = Vv - va
| Va=| 0.23] liters

e) Bulk density = gd + (Vw X gW) =

f) A = Va/Bulk density =

Vv = void volume

Sr = degree of saturation

Vw = volume of water

Vw = volume of water

1.6

kg/l soil

0.144

| air/kg soil

Kb = Ko X 1/100% x A x Do x C x 525,600 min/yr = 6200] mg TPH/year




NELLIS AFB — Site 27
Steady—state Equation — Air Injection

Qupln (Rw/Ri)
HmPatm[ 1~ (Pw/Patm )?]
Where:

Q = Volumetric flow rate of vent well

scfm x (30.48 cm/ft)° x (1 min/60 s) =
p = Viscosity of Air @ 18°C =
Patm = Ambient pressure @ 3200 feet of elevation
inches H20 x (3.61E—2 psia/in. H20) =
psia x (6.89476E4 g/cm s?)/psia =

Rw = Radius of Vent Well

inches x 2.54 cm/in =

H = Depth of Screen (length of screened interval)

feet x 30.48 cm/ft =

Ri = Maximum Radius of Venting Influence

feet x 30.48 cm/ft =

Pw = Absolute Pressure at Vent Well

inches H20 x (3.61E—2 psia/in. H20) =
psia + psia =
psia x (6.89476E4 g/cm s?)/psia =

2.940E—08] cm?x (1 m/100 cm)? =
2.900E—12] m?x 1 darcy/(9.870E—13 m?) =

afbiod/3nell_sswk1/03—-09-94

Il Enter data

| Calculated data |

1.70E+04| cm?/s
1.80E—-04 | g/cms

13.140 | psia
9.06E+05 | g/cm s2

cm

| 762| cm

1372 | cm

1.661 | psia
14.801 | psia
1.02E+06 | g/cm s2

2.938E—08] cm?
2900E—12] m?
darcys




NELLIS AFB - Site 28
Steady—state Equation — Air Injection

Quln (Rw/Ri)
HmPatm[1 - (Pw/Patm)?]

Where:
Q = Volumetric flow rate of vent well

32.5)} scfm x (30.48 co/ft)® x (1 min/60 5) =
u = Viscosity of Air @ 18°C =
Patm = Ambient pressure @ 3200 feet of elevation
inches H20 x (3.61E-2 psia/in. H20) =
psia x (6.89476E4 g/cm s*)/psia =
Rw = Radius of Vent Well
inches x 2.54 cm/in =
H = Depth of Screen (length of screened interval)

feet x 30.48 cm/ft =

Ri = Maximum Radius of Venting Influence

feet x 30.48 cmy/ft =

Pw = Absolute Pressure at Vent Well

inches H20 x (3.61E—2 psia/in. H20) =
psia + 13.140 | psia =
16.140 | psia x (6.89476E4 g/cm s?)/psia =

1.040E-08 | cm?x (1 m/100 cm)? =
1.000E—-12 | m?x 1 darcy/(9.870E—13 m?) =

afbiod/inell_ss.wk1/8—-09-94

ﬂ Enter data ”

| Calculated data ]

1.53E+04| em3/s
180E—04] glems

13.140 | psia
9.06E+05 | g/em s?

cm
1067 | cm
1707 | cm

3.000 | psia
16.140 ) psia
1.11E4+06 | g/cm s?

1.040E-08 | cm?
1.000E—12 | m?
darcys




NELLIS AFB - Site 44
Steady—state Equation — Air Injection

Quln (Rw/Ri)

HmPatm[1 - (Pw/Patm)?]
Where:
Q = Volumetric flow rate of vent well
scfm x (30.48 coy/ft) x (1 min/60 s) =
p = Viscosity of Air @ 18°C =
Patm = Ambient pressure @ 3200 feet of elevation
inches H20 x (3.61E—2 psia/in. H20) =
psia x (6.89476E4 g/cm s2)/psia =
Rw = Radius of Vent Well
inches x 2.54 cm/in =

H = Depth of Screen (length of screened interval)

feet x 30.48 cm/ft =

Ri = Maximum Radius of Venting Influence

feet x 30.48 cm/ft =

Pw = Absolute Pressure at Vent Well

inches H20 x (3.61E—2 psia/in. H20) =
psia + psia =
psia x (6.89476E4 g/cm s?)/psia =

2.870E-08 | cm?x (1 m/100 cm)? =
2.900E-12 | m?x 1 darcy/(9.870E—13 m?) =

aftiod/2nell_ss.wk1/03-09-94

“ Enter data I'

LCalculated data |

1.70E+04 | cm®/s
1.80E—-04 | g/cm s

13.140 | psia
9.06E+05 | g/cm s2

| 508] em

cm

1067 | cm

1.625 | psia
14.765 | psia
1.02E+06 | g/cm s?

2.872E—-08 | cm?
2900E—12 | m?
darcys




APPENDIX B
O&M CHECKLIST
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